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OuR purpose in publishing this work is to show what are, in 
the present state of science, the judicious applications of electric 
lighting ; as much to record the services that ^this new light is 
capable of rendering to a multitude of industries, as to combat 
false ideas founded on the possibility of its tLniyersal use. 

Few questions have at the present time the advantage of 
exciting public attention to the extent of this one ; trials have 
been made in France, England, Germany, Bussia, Belgium, 
Sweden, Austria, Spain, America ; on vessels, quays, and dock- 
yards; in workshops, harbours, fortifications, railway stations, 
&c., &G. It is of general interest. 

In this century, when progress is so rapid, many persons do 
not await the sanction of experience before exalting a new 
invention to the detriment of all others; these persons have 
scarcely had time to admire the marvellous effects of gas-lighting 
than they salute the dawn of electric lighting by proclaiming 
that it is a hundred times more economical than the former, 
that we can employ it everywhere, distribute it indefinitely, and 
that its light is as beautiful and intense as that of the sun itself. 

Other persons, unfortunately more numerous than the former, 
wish no departure firom routine, and hinder by their inertia the 
march of all progress. For them, the electric light has no 
industrial existence ; it is a will-o'-the-wisp, dazzling those who 
regard it, and so fatiguing the eye that its use is materially 
impossible. 

We ignore surprises that the future may reserve for us ; but 
our knowledge of the subject leads us to affirm that the role of 
electricity is far from its fall development, especially firom the 
point of view of the transformation of motion into light. It is 
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not of BO mnch importance to know what will be, as to know 
what is. And it is to this end that we present a study of the 
elements of electric lighting that haye definitely entered the 
domain of practice, and of the best conditions for its use. 
Later, as perfections are more nearly attained, we shall put 
them so mnch better to profit, that we can better appreciate the 
advantages; it appears to ns irrational to neglect the use of 
what is already good, nnder the pretext that we shall one day 
arriye at something more nearly perfect. 

The electric light may be utilised in two ways, either by 
powerful foci illuminating or visible at great distances, or by 
less intense foci giving a hght suitable to all kinds of night 
work. In the first case, nothing can equal the services rendered 
by electricity; in the second case, there is no longer com- 
parison, the advantage being sometimes in favour of gas, oil, 
petroleum, &c., sometimes in favour of electricity. 

Thus for lighthouse service, fortifications, maritime service, 
shores, armies in campaign, the electric light is superior to all 
others; for show-rooms and manufactories, for open-air yards 
and large workshops, it is equally suitable ; for domestic house- 
hold illumination, and for certain trades carried on under low 
roofs, where there are numerous local subdivisions, gas, oil, or 
petroleum is preferable. In many establishments lighted by 
gas it has been advantageous to substitute electricity. 

In any case the number of apphcations would be very limited 
if we should continue to deprive ourselves of light, as it is the 
custom to do in the majority of manufactures, where during the 
night superintendence is impossible, where the work produced 
during the night is much less than in the day. But, we hasten 
to add, this statu quo is not to be feared; some intelligent 
manu&cturers — and their number is great — will replace their 
present system of lighting by a system of lighting four or five 
times more intense, and they will not hesitate to admit that 
their products are better, in larger quantities, and consequently 
more economical ; this example will not be lost, and to sustain 
competition their fellow-manu&cturers will imitate them. 

In support of this opinion it is sufficient to recollect that the 
Gramme machine, with which the electric Ught is practically 
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obtained, had not last year* more than a dozen applications, 
whereas to-day it numbers more than two hundred. However, 
this new machine has not failed to receive criticism. It has 
been said to become heated, difficult to work, clumsy, capricious, 
that it could not be worked ten hours without repairs. The 
truth is, it works perfectly, and, instead of deteriorating, improves 
by use. 

Our work is divided into twelve chapters. The first six are 
devoted to the study of the voltaic arc, the carbons, the lamps 
or regulators, and some magneto-electric machines ; the last six 
treat of realised applications, the comparative costs of several 
sources of illumination, of lighting by incandescence, and of the 
division of the electric light. 

Those persons simply seeking for information as to the pos- 
sibility of utilising the electric light for themselves, should read 
Chapters VII., VIII., and IX., which contain all the necessary 
informJBbtion for planning and appreciating the advantages to be 
gained by this system of illumination. 

men to determine the nature and properties of the voltaic arc ; 
this was the origin of the new method, and it is important to 
explain thoroughly the phenomena which have given birth to 
the remarkable applications that we subsequently cite, in order 
to admit of the better exercise of judgment. 

The study of regulators or lamps could have been made the 
subject of a special work as regards the proposed and attempted 
types; but most of these apparatus have numerous draw- 
backs, and we have preferred to mention only those presenting 
originality, such as might serve as basis for a new invention, 
or wam'Uers agaifst combinations judged impracticable: 
M. Serrin's apparatus should have, and in effect has, the honours 
of pur record, as being to the present time the only one suscep- 
tible of advantageous use in industry. 

The manu&cture of carbon rods, intended to supply the 
regulators and to become heated under the influence of the 
electric fluid, has an exceptional importance ; upon this, perhaps, 
depends the success of electric lighting. To this we have 

* M. Fontaine writes in 1877.— Trans. 
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devoted a long chapter, and have minntely detailed the pro- 
cesses of Messrs. Oarr6 and Qandoin, which are the most perfect. 
Some exact experiments on the quantity of light produced bj 
seyeral carbons complete these descriptions. 

Before attempting the study of the Gramme machine, we 
have passed in review the principal magneto-electric machines 
that have preceded it, and, with the aid of numerous engravings, 
we hope to have made dear, even to those little initiated in 
modem physics, the principle of these marvellous machines that 
create such torrents of electricity without acid or consumption 
of metal — with nothing more than the influence of magnets and 
coils of copper in relative motion. 

The Gramme machine being applied only in constructive 
workshops, it is useful to speak of it at length ; to well distin- 
guish itQ principle, its mode of construction, and its multiple 
ejBTects. Here again it has been necessary to make use of draw- 
ings in order to explain the apparatus and show the several 
forms it has assumed. 

But it is especially in the part devoted to the applications 
that we have entered into precise detail, by insisting particularly 
on the motive force expended, and on the true cost price of the 
electric light. To evaluate the motive force, we have at our 
disposal the reports of Messrs. Tresca, Member of the Institute 
(of France) ; Hagenbach, Professor at the University of Bale ; 
and Schneider, Professor of Physics at Mulhouse. For the 
comparison of the cost prices of several lights, we have drawn 
upon some sources of authority, chiefly from persons who have 
' for several years employed this new system of lighting. The 
applications to marine, artillery, or civil purposes have not been 
signalised by great development ; for the several Governments 
who have experimented with the Gramme machine have kept 
secret all the results observed. Nevertheless, numerous and 
important orders, obtained after prolonged trials, authorise us 
in saying that success has been complete. 

Mechanical workshops have been the first to make use of the 
electric light; also dyers, who need a very white light; and 
sugar refineries, where steam is produced very econ(»nically. 
Bailway companies have adopted it for the illumination of their 
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goods depots; contractors for public works, for the execntion 
daring the night of earthworks or mason-work ; finally, it has 
been introduced with success into spinning mills, smithies, 
foundries, &c. 

Three years ago much was said about a new system of electric 
lighting, the invention of a Russian professor, which consisted 
in causing the incandescence of a small rod of carbon. It was 
for some time beheved that by the aid of this invention the 
light could be in some way indefinitely divided, and introduced 
everywhere for nearly nothing. Deeper study of this subject, 
and numerous direct experiments, have enabled us to reduce this 
system to its real value, which, if it be defective when we con- 
sider it as capable of causing a revolution in present lighting, is 
very remarkable, on the other hand, when we have in view only 
a small number of special applications. 

The Jablochkoff candles, about which also much was said, 
appear to us to merit the same appreciation. If they result in 
anything practical, which is very possible, they will be useful in 
certain cases, but will be substitute for nothing absolutely. ' In 
spite of our sympathy for the mventor, we have to guard the 
reader against the exaggerations founded on some experiments 
made in a Paris warehouse, and bring to their true value the 
consequences that may be logically deduced from these experi- 
ments. 

Finally, we conclude our analytic review with the description 
of means attempted for the division of the light, and with some 
consideration. of the present state of the question. 

We have consulted the following special works, and borrowed 
from them several interesting notes : — The physical treatises of 
Messrs. Jamin, Daguin, Ganot, Pouillet ; the eleetrical treatises 
of Messrs. Becquerel, de la Eive, du Moncel, Jenkin, Guthrie ; 
the treatises on Ught of Messrs. Tyndall, Becquerel, Moitessier ; 
M. Cazin's 'L'fitincelle fllectrique,' M. Niaudet-Breguet's 
'Machines Gramme,' M. Figuier's 'MerveiUes de la Science,' 
Abbe Moigno's * Les Mondes,' M. Leroux' * Machines Magneto- 
felectriques Franfaises,' the collection of the ' Comptes Eendus de 
I'Academie des Sciences,' * Les Bulletins de la Societe d'Encou- 
ragement,' and the collections of French and English patents. 



XYl PBEFACfl* 

Our searches in the collection of French patents have pro* 
cnred some very cnrions information ; we have abstracted thence 
more than one hundred descriptions of apparatus, of which we 
have published only a very small part, giving, preferably, fiayour 
to practical applications, as the principal object of our labour. 

Among these old inventions are a goodly number now repre- 
sented under other names, and that we haye belieyed to be new. 
It would be easy to cite more than one patent that is a rejuye- 
nation of old combinations, and of which it may be said, in the 
words of a certain inyentor, '* The people of former times had 
little honesty ; they haye stolen all my ideas." 



'S 



^ 



ELECTEIC LIGHTING. 



CHAPTER I. 



THE VOLTAIC ARC. 



Means of obtaining the Eleotrio Light ^^Yoltaic Aro-^Despretz* Experiments 
— Appearance of Two Carbons daring their Combustion — Matteuoci's 
Experiment — Le Bonx' Comparison — Analogy between Electric Light 
and Sunlight —^ Tyndairs Experiments on the Heat devdoped by the 
Electric Arc — Use of the Electric Light in Theatres — Lighting of 
Works by Night — Beport by M. BriiU on the Use of Serrin Begulators 
in Spain. 

Thebb are two methods of practically obtaining the electric 
light : the first, which is nearly exdnsiyely the only one known, 
consists in employing two carbon electrodes, between the extre- 
mities of which plays a series of sparks forming a dazzling focus 
termed the voUcdc are; the second is founded upon the incan- 
descence of a carbon rod interposed between two conductors, 
also in carbon, but of much larger section than the luminous 
rod. 

The electric light may also be produced by the use of Geissler 
tubes, but the feeble lighting power of these tubes renders them 
unsuited to domestic or industrial usage. The light resulting 
from the voltaic arc has the advantage of having been studied 
by a large number of physicists and of being at the present 
time in practical use, but it presents the inconvenience of occur- 
ring only in an intense focus and of being indivisible above a 
certain intensity. The light from incandescence admits of 
obtaining small foci and of greater or less subdivision of the 
light, but this is obtained only by complicated processes, and 
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gives only a poor eflioiency wiih regard to ihe battery power or 
motiye force expended to drive a magneto-dectrio machine. 

As we have it principally in view to make known the indnsr 
trial applications of the electric light, we shall occupy onrselyes 
specially with the effects observed in the production of the 
voltaic arC| devoting oiie chapter only to a description of the 
trials made and apparatus devised to obtain light by incan- 
descence. 

Some previous explanations are necessary for the comprehen- 
sion of the regulating apparatus to be described. 

In approaching one to the other the two conductors of a 
sufficiently intense electric source until they touch, and sub- 
sequently gradually separating them, an extremely brilliant 
luminous arc appears, which remains so long as the distance 
between the conductors is not too great. This arc has received 
the name of the vclUaie are, in honour of the inventor of the 
battery with which it was produced for the first time. 

The brightness of the voltaic arc depends upon the intensity 
of the current, and upon the nature of the electrodes, and upon 
the medium in which it is produced. With potassium or sodium, 
for example, the light is more brilliant than with platinum or 
gold; in the air there is greater light than in mercurial 
vapours. 

The colour of the arc varies with the substance of the elec- 
trodes; it is yellow with sodium, white with zinc, green with 
silver, &a 

The appearance of the focus depends especially upon the 
form of the electrodes-: between a point of coke positive and a 
plate of platinum negative it presents the form of a cone; 
between two carbon points it has the shape of an egg, &c. 

The maximum length of the focus depends essentially upon 
the strength of the current. Davy, who was the first, in 1813, 
to observe the voltaic arc, found that with 2000 zinc and copper 
couples, of 2 square d^imetres each, a space of 0*11 m^tre 
occurred between the carbon points in air and * 18 metre in a 
vacuum. 

Towards 1850 Despretz made a series of experiments on the 
voltaic arc, and he found : (1) that the length of the arc in- 
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creased more qnickly than the number of elements employed to 
prodncQ it; (2) that this increase is more pronounced with 
small arcs than with large. Thus, the arc produced with 100 
Bunsen elements is nearly quadruple that produced by 50 ele- 
ments ; that resulting from 200 elements is not triple that from 
100; that from 600 elements is about 7^ times greater than 
that from 100. The battery of 600 elements, coupled in a 
single series, gives as much as 0*20 metre of arc when the 
positive carbon is the higher ; (3) that, when the elements are 
coupled in quantity, the length of the arc increases less quickly 
than the number of elements. The arc from 100 elements being 
' 025 m^tre, it is only * 069 metre with 600 elements coupled 
in 6 series of 100, whilst with the same battery of 600 elements 
coupled in tension it attains 0*183 metre. Cioupling succes- 
sively in quantity some series of batteries of 25 elements in 
tension, there is obtained: for a single series, nearly no arc at 
all; for 2 series, an arc still too small to be measured; for 
3 series, 0*001 metre; and for 24 series, 0*0115 metre. The 
same batteries coupled in tension give an arc of 0*162 metre, 
that is to say, a space between the carbons 14 times greater 
than with 24 series coupled in quantity ; (4) when the positive 
pole is the lower one the voltaic arc is shorter than when the 
negative pole occupies this position. With 6 series of 100 
elements coupled in quantity there is obtained 0*074 metre 
distance when the positive pole is the higher and * 056 metre 
if it be the lower; (5) that when the electrodes are placed 
horizontally the arcs are shorter than with verticale lectrodes, 
and then the battery arranged for quantity is more advan- 
tageous than that for tension. Thus, 6 series of 100 elements 
coupled for quantity give an horizontal arc of 0*040 m^tre, and 
600. elements, end to end, give only an horizontal arc of * 027 
m^tre. 

Only Despretz' experiments are sufficiently complete to enable 
precise conclusions to be drawn, and they well explain the diffi- 
culties which constructors of magneto-electric machines have 
encountered in seeking to obtain the voltaic light with apparatus 
of great quantity and of low tension. 

The voltaic arc results from the incandescence of a jet of 

B 2 
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puticles detached bom the electroclee and projected in all diieo- 
tdonB. This projection takes place principally {torn one pole to 
the other, and more partioulatly from the positive pole to the 
negative pole. The positive electrode has a temperature much 
higher than the other, and whilst the negative carbon is only 
heated to dnll redness at some distance from the arc, the positive 
carbon is heated to white redness for & considerable length. 
The coDsnmption of the positive 
electrode for a given time is doable 
that of the negative electrode. It 
is this difference in conHnmption 
and temperstnre, observed &om 
the beginning by pbysidsts, which 
lator led to the explanation of the 
InminooB arc as a simple trans- 
port of particles &om the positive 
pole to the negative pole. At the 
present time it is thoronghly de- 
monstrated that if the transport 
from the postive to the negative 
deotrode predominates in the arc, 
there nevertheless exists a very 
active transportation of particles 
from the negative to the positive 
electrode. 

The arc (Fig. 1) resembles a 
trembling or flickeni^ 6ame, tiie 
form of which is ov<Md with the 
Fio. 1. toltaioAbo. carbon points. From time to time 

there is to be seen a loillifflit par- 
ticle canned £com one electrode to the other, and producing ft 
laminons train. On each of the carbons appear here and there 
liqnid and incandescent globules, ff, g, caused 1^ mineral snl>- 
staneee seeking, in a state of fasion, to gain the other electrode. 
The hqnid globules do not appear when the carbons are 
chemically pare. 

"When the voltaic arc is produced in air, the two carbon rods 
di T"i"'Bb rapidly in volnme, because they both bnm thronghont ; 
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but in a TStcaTim, this combustion does not occur, and we see 
the positive point hoUowed out and diminished in weight, whilst 
the negative point elongates and increases in volume. The 
consumpticm is nearly nil, and results only from some projected 
particles fiEdling in their reciprocal action. 

In truth, the voltaic arc is a portion of the electric circuit, 
possessing the properties of all other parts of the same circuit. 
The molecules, swept away from point to point, constitute, 
between these points, a mobile chain more or less conductive, and 
more or less heated, according to the intensity of current and the 
nature and separation of the electrodes. Tbese things happen 
exactly as if the electrodes were united by a metallie wire or 
carbon rod of small section ; whidi is but saying that the light 
produced by the voltaic arc and that obtained by incandescence 
ari^e from the same cause, that is, the heating of a resistant 
substance interposed in the curcuit. 

Matteucci, a celebrated Italian physicist, has demonstrated 
this parallel relation between the voltaic arc and other parts of 
the electric circuit, by slowly separating two cones of iron pre- 
viously put in contact: a fibre of liquid metal appears, becomes 
luminous, breaks up, and takes the form of the voltaic arc. 

Among the scientific men who have occupied their time wifb 
the study of the properties of the electric arc may be cited : 
Messrs. Wheatstona, De la Bive, Becquerel, Grove, Favre, Quet, 
Neef, Sillimann, Van Breda, Despretz, Matteucci, Foocault, 
Fizeau, Tyndall, Le Boux, Clozin, &c., of whose mem(»rs all 
know. These works are more scientific than practical ; but we 
would call the attention of persons to these before they attempt, 
on their part, farther new researches. 

At a meeting of the Soeiete d'EncowroLgement, M. Le Boux has 
well characterised the phenomena of transformation which occurs 
in the production oi the arc ; and he has insisted on the point 
that the voltaic arc is formed only by a true vapour of carbon. . 

The electric Ught, indeed, owes its special properties to the 
condensation of a great quantity of heat in a very limited space. 
This heat is tak^a from the combustion <^ zinc in a battery, or 
from the furnace of the steam engine, which puts into motion the 
magneto-electric apparatus ; theoretically, the difference should 
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be small — ^practically, only a very small part is reclaimed. In 
practice, it is necessary to take into acootint a host of dream- 
stances, of which theory takes no notice. Besides, the question 
is not that of knowing if we use well all the heat of the coal 
burnt in the steam-generator, but by what other means we could 
condense as great quantity of light into as limited space, and 
from this point of yiew the voltaic arc leaves &r behind all 
other methods of production. 

To condense heat in a limited space, so as to raise to great 
intensity the temperature of the substance, such is the proposi- 
tion of the probW of the production of the electric light. In 
the combustion of a substance, that is to say, in its combination 
with oxygen, for the same quantity of the substance burnt there 
is always produced the same quantity of heat, as the oxygen 
may be taken pure or from the air, but the temperature is much 
less with atmospheric oxygen than with pure oxygen. 

Electricity is the best known means for condensing the 
greatest possible quantity of heat into a limited space, and it, 
besides, affords the greatest fsusilities in the transport of this 
heat to a given point.* 

The electric light has great analogy, as to effects produced, 
with the light of the sun. It brings about the combination of 
chlorine with hydrogen, it discolours chloride of silver, it imparts 
phosphorescent properties, that is to say, renders luminous in 
the dark those substances which become so under the action of 
solar rays. These valuable properties have been utilised in 
photography, and in several industries where it is necessary to 
distinguish colours correctiy during the nighi 

By interoomparison of several luminous sources, Foucault and 
Fizeau have found that the light of the voltaic arc attains half 
that we receive from the sun on a very dear day, whereas the 
Drummond light is only equal to a hundred-ioid-fiftieth of this, 
and the moon's hght to not more than the three-hundred- 
thousandth part. As to the sun itself, it imparts to a given 
surface the brilliancy of 5774 candles placed at 0*83 m^tre 
distance. The stars yidd to our globe only a very insignificant 

* * Les Machines Magneto-Eleciriques Frangaises.' By F. P. Le Boiiz. 
Gauthier-Yillaxs. 1868. P. 43. 
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light: Sirins, one of the most brilliant, haa a brightness not 
exceeding i^e seyen-hnndredth part of that of the moon ; five 
thousand million such stars would scarcely afford a light equal 
to that of the sun.* Although the electric light heats a room 
infinitely less than gas for equal luminous intensity, the electric 
arc is the seat of an extremely eleyated temperature. Substances 
reputed the most refractory are there consumed with extraoidi- 
nary rapidity. 

Professor Tyndall has made some very beautiful public experi-i 
ments on the heat developed by the voltaic arc ; and to farther 
interest his audience, he rendered the light rays emitted by the 
carbon points invisible. For this purpose, Dr. Tyndall concen- 
trated, by reflection, from the sur&ce of a small silvered mirror, 
the rays from the luminous focus, and he interposed in the 
convergent cone of light thus obtained a glass vessel containing 
an opaque solution of iodine. The cone of light is completely 
destroyed ; but radiation of heat subsists, and, converging to an 
invisible focus, produces the most curious effects. 

Thus, when there is placed in this focus a small piece of black 
paper, it is pierced by the rays as if it had been traversed by a 
bar heated to whiteness. The paper instantly ignited. A heap 
of wood and of chips takes fire as soon as placed in the focus. 
A dgar is quickly ignited. A piece of wood-charcoal, suspended 
in a receiver fiUed with oxygen, takes fire in the focus and bums 
with the briUiancy that this substance does in an atmosphere of 
oxygen. The invisible rays, even after traversing the receiver, 
still preserve sufficient power to heat to white-redness. A 
mixture of oxygen and hydrogen explodes at the dark focus by 

* Account is here taken of the enmBive power per square mbtre of the 
lighting body and not of the total light developed. Arago found that solar 
light was four or five times more intense than that of the yoltaio arc. The 
difference between the results of Fizeau and Foucault and those of Arago it 
is easy to explain by simply considering that even if we can calculate the 
diameter of the sun and its distance from the earth with sufiScient approxi- 
mation we cannot do so with the lighting surface of the yoltaio arc. The 
luminous focus does not present a spherical form, and each part of the surfiekce 
emits rays of extremely variable intensity. The electric light was produced 
by rather powerful voltaic batteries, but its brilliancy was incomparably less 
than that realised with some machines. If the experiments were repeated 
with powerful Gramme machines it would probably be found that the voltaic 
arc has the same emissive power as the sun. 
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mere heating of their eontaining yeeseL A band of blackened 
zinc, placed at the focnsy is pierced and ignited by the invifidUe 
rays. Passing the band gradually across the focus, this may be 
maintained in fall brilliancy for a considerable time, with the 
characteristic purple Ught. This experiment is peculiarly beau- 
tifuL A magnesium wire bums at the focus^ with nearly 
intolerable brilliancy. A thin carbon plate, placed in a Yacuum, 
is raised to incandescence by the invisible rays. Dr. TyndaU 
has obtained still more astonishing effects, which it would take 
too long time merely to name. The following are the most 
characteristic : With a battery of sufficient power, and the 
requisite concentration, he has heated to whiteness a plate of 
platinum, and this viewed through a prism presents a brilliant 
complete spectrum.* As there has not been at disposal a 
mechanical generator of electricity, the use of the voltaic arc 
has been limited to laboratory experiments, to the illumination 
of public fetes, theatrical scenic effects, and very urgent night 
works, until the present day when, thaiUcs to the discovery of 
the Gramme machine, it has begun to enter into the service of a 
large number of industries, and the successes of the first intro- 
duction lead to the hope that it will develope itself very rapidly. 

It was in 1846, in the Prophets, that the electric light made, 
its dibvi at the Opera in Paris. It was employed to produce 
the effect of the rising sun. The success was so complete that 
it was saluted with unanimous applause, and since that time it 
is rarely that a ballet or an opera has been mounted without 
the introduction of some effect of the electric light. 

The voltaic arc has not been applied only at the theatre to 
project a vivid light on certain points of the scene, to illuminate 
subjects, decorations, groups, &c. Its intense rays are used to 
reproduce physical phenomena and fantastic apparitions. 

Mr, Duboscq, in charge of the electrical service at the Opera 
since 1855, has realised a host of ingenious combinations. To 
him is due the magnificent effects of the rainbow, lightning, the 
reflection from windows lighted by the sun, luminous fountains, 
&c. The most beautiful of these effects, the rainbow, is obtained 

* These remarkable experiments were made at the Boyal Institution, 
27th January, 1865. 
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by several lenses and a priBm : the first tenses ^re a parallel 
beam, whicb ie passed throagh a screen cnt in the form of an 
arc ; this beam is received by a biconrex leus of very short focus, 
ffhioh increases the corvatnre ctf the image, and considerably 
magnifies it lesning from this last lens the ray impmges opon 
the prism and is decomposed into the rainbow. 

At the New Opera at Paris battenes are osed, because the 
architect did not wish to locate a steam-motor in any part of the 
edifice, and the machines for prodndng electricity cannot be used 
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withont a motor. At the Opera in Vienna, where steam is em- 
ployed ihronghont, nse is made of a Qramme machine, which 
gives Twy good resnlta. 

Of the lighting for pabUo (Btes we have nothing to say that 
would be important firom an indnsfarial point c^ view, and the 
devices for this use are too well known as to their limited valna 
in the decorati(m of an open place, an avenae, or a monument. 
The hghting of works by night (Fig. 2) is much more in- 
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tereBtiBg. In this niatter there is nothing more oondnsiye in 
&yonr of the electric light than the following report, made by 
Mr. Briilly Yice-President of the Society of Ciyil Engineers. 

'' The Spanish Northern Bailway Company, ... at the oom- 
menoement of the month of April, 1862, made a series of triab 
with regulators (lamps) of the Serrin Electric Light System. 
The restdts being satisSetctory, twenty regulators were purchased, 
and sent, with the requisite batteries, to the Guadarama moun- 
tains. . , . The first actual introduction was in the month of 
March, 1862 ; in July eight lamps were in use, and the light 
was regularly employed until October 15th. To this time the 
li^ht had been in use 3717 hours. • • . After three months' 
interruption, caused by ezcessiye cold, night-work was recom- 
menced in 1863, and ten electric lights were in use until 
June 12th, when the works were finished. The total duration 
of these two periods was 9417 hours. The light was always 
good and regular, it properly lighted the yards, without injury to 
the labourers by its intensity. Two lands of reflectors were 
employed, hyperbolic and parabolic; hyperbolic reflectors were 
preferred The expense per hour for material consumed was 
2 * 90 francs per lamp. The economy realised by the application 
of the electric light was 60 per cent, upon the use of torches. 
If, besides, there is considered the inconyeniencee caused by the 
fumes of the torches concentrated in the deep trenches filled with 
labourers, the loss of time in maintaining the combustion, and the 
feeble light, the superiority of the electric Ught is incontestable. 
The fear of producing, for equal times, less work during the night 
than during the day is unfounded. In summer, the workman, 
not oppressed by the heat of the day, labours with greater energy 
and produces with greater adyantage; during cold nights he 
works to warm himself; in any case, night seryice is not inferior 
to day serrice. 

" Electric lighting has rendered important services to the sub- 
terranean works of the great mines of Guadarama. The depth 
of the pits was 22 metres, the length of each gallery 16 metres;, 
... the air was so yitiated by the explosion of charges and the 
combustion of the miners' lamps, that the masons could not 
remain longer than a few moments; the lamps would not bum in 
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the interior of the rmne^; lighted at the snr&ce of the pits, they 
weie eztingnighed before arriying at the bottom. The work was 
pressing; there were no other means of yentilation to hand; I 
sent down a Serrin regulator into, the interior of the mina . « . 
At the end of an honr, seeing that the masons did not complain 
of inconvenience nor demand to be relieved, I descended into the 
mine, and I state that respiration there was as easy as in open 
air, and that the lamps remained alight. The mason-work, by 
the electric light was prolonged for 112 consecutive hours with- 
out inconvenienca" 

We may still cite, amongst open-air works executed by the 
aid of the electric Ught, those of Fort Chavagnac at Cherbourg, 
of the Bailway du Midi, the reservoirs of M6nilmontant, the 
building for the Momtetir imiversd, and, more recently, those of 
the Havre harbour and docks, the Exhibition of 1878 in the 
Trocadero, the Opera House Avenue, the Grands Magasius du 
Louvre, &c., &c. In chapters YII. and YIII. precise details 
are given of a larger number of applications to private industry, 
lighthouses, the navy, and war purposes. 
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CHAPTER II. 

ELECTBIG LAMPS, OB BEGULATOBS. 

Inutility of Besearohes as to Begulatora — Deleuirs Experimenta ~ Wright's 
Apparatus — Staite and Edwards' Begnlator — Le Molfs Begulator — 
Archereau's Begulator — Laoassagne and Thiers' Begulator — Oaiffe's 
Begulator — Fouoanlt and Duhoscq'a Begulator — Way's Begulator — 
Alteneck's Begulator — Serrin's Begulator — Girouard's Begulator — 
Garros Begulator — Jablo6hkoff 's Inrentions. 

The increasmg suocess of electrio lighting in industrial estab- 
lishments bia giyen a fiesh impnlae to the lalx>iirB of eled^^ 
and many have specially directed their attention to the regulating 
of the light, that is, to the problem consisting in maintaining 
constant the distance of the two carbons between which the 
Yoltaic arc is playing. 

As the majority of inventors have but slight acquaintance 
with the question, and ignore previous labours, nearly all their 
researches tend towards old combinations long since abandoned, 
or to original but impracticable ideas. To avoid the recurrence 
of similar labours, which always occasion considerable loss of 
time and money, we describe a rather large number of regulators 
of different types. 

We must not say, off-hand, that present researches have no 
absolute utility, for there exists one good regulator, that of M. 
Serrin. This apparatus works with precision, and gives a steady 
light, under the sole condition of being furnished with good 
carbons, and fed from a constant source of electricity. However, 
we wish to discourage none, and we do not say that M. Serrin's 
regulator is the best that may be devised, but we find it so 
superior to eSi that have come before us, that we solicit inventors 
to study it well before torturing their imaginations to replace it. 
There may, perhaps, be found a slightiy more simple and less 
expensive apparatus, but it will be difficult to find one more 
compact and easy to use. 
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In onr opinion, a new inyention, eyen poesessing all the 
properties requisite for the most varied appUcations, and none 
of the defects so frequently fonnd in regulators, can, from the 
point of view of propagating electric lighting, have only second- 
ary importance, unless its selling price is very low and its 
construction extremely simple. 

Until 1844, experiments with the voltaic arc had no utilisable 
result : the absence of carbons and convenient batteries limited 




Fig. 3. Statte and Edwards' Regulatob. 



the duration of the phenomenon to the time strictly necessary 
for its appreciation in a lecture on physics, but no one dreamt 
of its practical use. At this time, Leon Foucault, in endeavour- 
ing to put to profit the powerful battery combined by Bunsen, 
hit upon the happy idea of substituting rods of carbon, taken 
from gas retorts, for the wood carbon rods generally employed 
as electrodes. This able physicist constructed a small and very 
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simple lamp, and anbetiiaied for the mm ihe voltaic arc for 
obtaining photographic proofs. 

This first lamp, the use of which needed help from the hand 
of the operator, enabled M. Deletdl to make some trials in 
electric hghting, during the same year, 1844, at the Place de 
la Concorde, Paris (M. Delenil had abeady made public trials 
in 1844 with ordinary carbons placed in a receiyer from which 
the air was exhausted). 

In 1845, Thomas Wright, of London, endeayonred to cause 
the Toltaic arc to play between discs of carbon haying their 
circumference cut to a Vnghape, and receiving motion from well- 
known mechanism. This was the first automatic regulator, and 
the origin of Le Molt's apparatus, which is described subse- 
quently. 

In 1846, Staite and William Edwards, of London, patented 
seyeial original arrangements, one of which is represented in 
Fig. 3. The two electrodes of carbon are enclosed in small 
cases, and meet obliquely on a substance resistant to heat and 
nonconductiye of electricity. Springs bring the points to their 
place as they are consumed. By means of a sliding-piece and 
screw placed beneath the baseboard, the carbons may be brought 
together or withdrawn, and the length of the voltaic arc conse- 
quently varied. 

In 1848, Foucault in France, Staite and Petrie in England, 
devised the use of the current itself to regulate the distancing 
of the carbons, and based their idea upon the two phenomena : 
(1) that an electric current can give rise to magnetisation in 
soft iron surrounded with copper wire, which is weakened and 
disappears as the current diminishes or becomes nil ; (2) that 
the voltaic arc, being a portion of the conductor, reacts on the 
current by reserying to it a great part of its intensity for a 
given distance, and completely destroying it when the distance 
between the carbons becomes too great. 

In 1849, Le Molt took up Thomas Wright's idea, and con- 
structed the apparatus represented in Fig. 4, which is thus 
described in the French patent : — 

''As electrodes producing the light, I patent the use of all 
carburised matter, especially that of retort carbons, and the two 
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combined moyements of rotation and approximation at given 
intervals of two discs of variable depth and diameter. 

** The randies are maintained^ vdth regard one to another, in a 
parallel attitnde, vertical or horizontal^ or> better, in positions at 
right angles, and conveniently 
distanced one from the other, 
to produce the electric light. 
They revolve in a regular mau- 
ner upon two metallic axes put 
into connection with the poles 
of the generating apparatus, and 
presenting, successively, by the 
combined rotation and approxi- 
mation, all the extreme points 
of their circumferences to the 
production and emission of the 
electric Ught; in such manner 
that at each revolution of the 
discs, the latter approach one 
another by the distance which 
they had separated by the com- 
bustion of part of the carbon, 
and thus are always replaced 
in the same position of invari- 
able distance; and as the two 
movements of rotation and ap- 
proximation, combined with re- 
volving electrodes, may be obtained with the aid of any kind of 
mechanical system, it is sufficient that I indicate in my design 
one of these arrangements, to illustrate how the rotation and 
approximation may be combined. 

''I reserve to myself the purification of carburised matter 
forming the electrodes emitting the light, by more or less 
prolonged immersion in all kinds of adds, and preferably in 
nitric and muriatic acids mixed, and subsequently in fluoric 
acid." 

This arrangement is very interesting, in that it admits of 
workmg twenty to thirty hours without touching the lamp, 
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bat it giTQB a less mtense light than that obtained with two 
Yertical ban of carbon. The Bailway Company du Nord haye 
recently made trials with a similar apparatoB, and have obtained 
yery good resnlta. 

The best known apparatus, fonnded on the use of magnetism, 
for the regnlating of the carbons, are those of Archerean, 
Lacassagne and Thiers, Gkuffe, Foncanlt and Dnboscq, Hefner- 
Alteneck, and Serrin. Although the first two are no longer in 
use, they are interesting, and we describe them succinctly. 

Abghbbbau's Begulator. 

The Archerean regulator, represented in Fig. 5, is the most 
simple of all. It consists of a hollow copper bobbin, coiled with 
insulated wire, a yertical standard, two carbon-carriers, and a 
counterweight The upper carbon is carried by a bar which 
slides mto and turns at the extremity of a horizontal copper 
bar, insulated and in communication with the negatiye con- 
ductor of the electric current The lower carbon rests on a 
cylinder, half of copper half of iron, which can rise or fall in 
the hollow bobbin. The positiye conductor is attached to one 
of the extremities of the wire on the bobbin, and the other 
extremity of this wire is fixed to the interior cylinder of the 
bobbin. The lower carbon is in direct communication with the 
positiye pole, because the cylinder which carries it touches at 
seyeral points the cylinder of the bobbin. A counterpoise 
equilibrates the lower carbon-carrier in such a manner that 
its moyement, in either upward or downward direction, may be 
effected with insignificant effort. (To disturb equilibrium, it is 
sufficient to oyercome the friction of the cylinder against the 
interior sides of the bobbin.) 

The upper part of the cylinder is of iron, the lower part of 
copper. When the current passes in the exterior wire, it pro- 
duces a magnetic action which causes the cylinder to descend in 
the bobbin, and as the current is thus interrupted, the action of 
the counter weight raises the cylinder. 

To put the apparatus in action, it suffices to bring the upper 
carbon into contact with the other, and then to slightly separate 
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them ; the voltaic arc is formed, the cyliudei remiuns fixed in 
the bobbin, and the counterweight is motitmleeB. This arrange- 
ment IB maintained whilst the 
distance ot the carbons is not 
too great; but the voltaic arc 
soon Borpasses a given length, 
and the corrent is too feeble to 
canae the cylinder to teeist the 
action of the counterweight. 
At this instant the lower car- 
bon risee, when the cnrrent 
again attains aafficient power, 
and stops the cylind^ nntil 
fresh consumption leads to 
another movement of the 
lower carbon. It is a simple 
question of balance, to be 
reEdised by proper proportion 
of the several parts and by 

the exact determination of pio. 5. abchereau's BEam^TOB. 
their relative poeitionB. 

The Archeiean regulator difiera from those of Foucault and 
Staite, in so far that it posseeses a solenoid in the place of an 
electro-magnet, to ensnre constant distance between the two 
carbon points. 

liAOASSAaNE AKD TmEBs' HBOUU.TOB. 

The regulators following those of Foucault and Aichereau all 
poasees dookwork mechMiism for the approximation of the 
electrodes, and an electric brake 01 detent for stoj^ing the 
mechanism at the proper time. Messrs. Lacassagne and Thiers 
having observed several inconveniences in the use of clockwork 
movemeota, replaced them by a float acting in a bath of mercury. 
This regulator was patented in 1855. 

The receiving cylinder contained a float upon and in connec- 
tion with the metallic bath ; this float ia surmounted by a carbon 
electrode ; it is in connection vrith the positive conductor, and in 
relation to another carbon electrode, fixed at the upper part of 
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the lamp. The float shotdd rise whenever the distance of the 
related points increases by the effects of combustion. It will be 
subsequently peroeiyed that it is to the displacement of mercury 
that this effect is due ; but in order that this displacement may 
occur at the proper time, a special arrangement, put in play by 
the electric current itself^ is deyised to regulate it. 

Mercury from a reservoir, having entered the receiving 
cylinder, traverses through a tube one of the branches of an 
electro-magnet, interposed in the circuit and making part of the 
lamp ; to this tube is adjusted a small india-rubber valve, opened 
and dosed by an armature of soft iron, drawn back by a spring 
antagonistic to the attraction of the electro-magnet in the lamp ; 
the opening of this valve admits of the passage of the mercury, 
and its closure retains the mercury in the reservoir. Whenever 
the interpolar distance augments, the magnetic action diminishes, 
and the armature yields to the action of the opposing spring 
(previously tightened more or less, according to the intensity of 
the current) ; the valve opens and admits of the entrance of 
mercury, which then raises the float, and consequently brings the 
points to their local distance; after which the magnetic attrac- 
tion, increasing in inverse ratio with that distance, doses the 
valve, and viee versa. 

The sensitiveness of this arrangement is such that, as the 
armature operates to open the passage to the mercury from the 
receiver in order to cause the rise of the electrode that the float 
supports, this rise, instead of occurring in jerks, is regulated by 
two opposing forces, which balance in such a manner as to allow 
the passage of a small continuous jet of mercury into the receiver, 
in accurate proportion to the consumption of the carbons in a 
given time. The electrodes thus continually approximate. 

From 1855 to 1859 the inventors of this apparatus made 
numerous attempts at lighting in Paris and Lyons, but although 
their regulator worked steadily, they obtained only the success 
that arises from curiosity. This result, more negative than 
favourable, came about from several causes : the use of batteries, 
as generators of the dectric current, is fertile in inconveniences ; 
then the necessity of bringing constantly the voltaic arc to the 
focus of the reflector (the upper carbon being consumed and not 
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movable, it is evident that the Imuinons focns varies constantly). 
On the other hand, the use of mercury in substitution for 
clockwork mechanism was not adaptable to industrial purposes. 
In spite of this, these experiment made great noise, and we 
have before us a volume devoted to their praise. The following 
extract appeared in the * Gazette de France,' July 5th, 1855, 
twenty-two years ago : 

" Yesterday, those who were walking at nine o'clock in the 
evening in, the neighbourhood of the Chateau Beaujon were 
surrounded by waves of hght as powerful as those of the sun. 
Indeed, it might have been said that the sun had again risen, 
and so great was the illusion, that the birds, surprised in their 
sleep, fluttered about in this artificial day. The luminous focus 
appeared from the terrace of the Chateau Beaujon, where 
Messrs. Lacassagne and Thiers, chemists of Lyons, showed 
before a select company, brought together by M. Theodore 
Gudin, the advantages of the electric light as apart from theory, 
and as having entered the domain of accomplished facts. The 
trial was perfect. The power of the luminous focus, embracing 
a vast surface, was so refulgent that the ladies invited opened 
their parasols, not in gallantry to the inventors, but to shield 
themselves from the ardour of this mysterious and new sun." 

These last lines contain, in reality, one of the most just 
criticisms that have ever been addressed to the electric light; 
the rays projected by a reflector are so dazzhng that if the 
electric light could not be used without a reflector, its employ- 
ment could never have been extended to manufactures. 

The power of the light that was at that time compared to a 
mysterious sun, was that only of some 60 to 80 Carcel burners. 
What would the ' Gazette de France' have said if the Lacassagne 
and Thiers lamp had burnt with a brilliancy equal to 4500 
burners, as the Serrin lamp burns when fed by a single Gramme 
machine? 

Gaippe's Ebgulatob. 
Gaiflfe's regulator is represented in Fig. 6.* The following 

* This Figure, and the description of the Gaiffe regulator, are reprinted 
from the excellent work by M. Flguier, ^ Leg Meryeilles de la Science/ Furne, 

2 
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description will explain the ose and working of each part. 
A B G D is a cylindrical case enclosing all the mechaniBm. It 
consists of a ciicolar plate A B connected to a base or truncated 
conical foot C D by four bars or vertical columns. A cover F, 
removed by Ufldng, encloses all, and is fixed into the plate A B 
by two screws G, placed at the extremities of the same dia- 
meter. 

H, upper carbon-carrier, formed of two shells, between which 
the graphite pencil is pinched. H', lower carbon-carrier, 
arranged like the former. 

I, racked cylindrical copper bar, commanding the carbon- 
carrier H, and its movement in the interior of a hoUow column 
J, fixed vertically on the plate A B. This bar is terminated at 
the lower end by a stop-piece momited at right angles, and 
intended to limit its ascending course. 

I, racked soft iron bar famished with stop-piece, and com- 
manding the carbon-carrier H'. This bar is in the shape of a 
quadrangular prism, and descends vertically into the interior of 
the bobbin /. 

/, bobbin with axis vertical, carrying a copper wire, wound 
helically<. When the electric circuit is closed, this acts upon the 
bar E, which then descends by virtue of the attraction to which 
it is submitted. 

0, two tooth-wheels, burning freely on the axle N, and in- 
sulated from each other by an ivory disc. The diameters of 
these wheels are in the ratio of 2 to 1. The larger engages 
with the rack upon the bar I, the movement of which it 
commands, and the smaller engages with the rack upon the bar 
E; consequently when the bar E is raised or lowered to a certain 
extent, the bar I is raised or lowered to double this extent 
This arrangement is necessitated by the unequal consumption of 
the two carbons, which with the battery is in the proportion of 
2tol. 

A barrel, fixed to the wheels 0, contains a clock-spring, one 
end of which is fixed to the barrel itself, and the other to the 
axle N; this spring acting on the barrel, and coosequentiy on the 

Jouyet, and Co., publishers. Vol. iv., p. 225. Figures 2 and 17 are also 
taken from the same work. 
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tooth-wheels, tends oonstantly to approximate the bars I, K, and 
consequently the carbons. 

N, steel axle, on which the wheeb and the barrel are freely 
moonted. This axis is grasped between bearings^ which, however, 
permit of its reyolving, for the regulation of the barrel-spring ; 
for this, one end of the axle is squared, where a key may be used. 
A circular base receives the coil /. On this bobbin, which is 
pierced at the centre to allow for passage of the bar E, are 
mounted the principal pieces of mechanism. The pinions B are 
mounted on an axle parallel to the axle N, and these may be 
displaced parallel to themselves, in order to command the wheels 
O, and consequently act on the bars I, E, to raise or lower at 
will and simultaneously the two carbons, in optical experiments 
where it is important to centre the luminous point without 
interrupting the working of the apparatus. 

A square-holed key may be set upon the axle N, or on the 
axle of the pinions B, when it is wished to a£Eect the barrel- 
spring, or when it is wished to put the pinions in connection 
with the wheels 0. A bent spring placed on the axle of the 
pinions B, serves to return these pinions to their place when no 
longer under adjustment. Friction-wheels guide the bars I, E, 
rendering their movement very even. 

Y is an adjusting damp acting directly on the carbon-carrier 
H, so as to put the carbon points exactly in line with each 
other. 

N is the terminal for the negative conductor of the electric 
current. 

P is the terminal for the positive conductor of the electric 
current. 

X is a vertical bar leading the current from the terminal P 
to the column J. 

Y is a guide-wheel entering by an opening into the column J, 
and maintained constantly in contact with the bar I, by means, 
of a spring, so as to ensure communication between this column 
and bar. The terminals N, P, the bar X, and the column J, are 
insulated with india-rubber discs. 

The current passes in the different parts of the apparatus as 
follows : entering by the terminal P, it passes through X, J, I, 
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y, H, E!, E, through the coil ly and issues by the terminal N. 
When it does not circnlate, the two carbons are maintained in 
contact with each other by the action of the barrel-spring ; bnt 
as soon as the electric circuit is closed, the coil attracts the bar E, 
the moyement of which, combined with that of the other bar J, 
determines the distance of the carbons and the production of the 
voltaic arc. 

In order that this action may take place, it is necessary that 
the attractive force of the bobbin is slightly biased in favour of 
the barrel-spring. When the spring is too taut, the two carbons 
remain drawn one against the other, or are brought too near 
together to produce a light of sufficient intensity ; if, on the 
contrary, it is not taut enough, the action of the bobbin becomes 
too predominant, and consequently, the distance between the 
carbons being too great, the voltaic arc is interrupted. 

FOUOAULT AND DuBOSCQ'S EeGULATOR. 

Foucault's regulator, made and perfected by Duboscq, has 
a high reputation; it has our preference next to M. Serrin's 
apparatus. It is represented in longitudinal section, Fig. 7. 

The electro-magnet is placed in the lower part of the appa- 
ratus. Like all electro-magnets, it consists of a bobbin on 
which is wound a long copper wire. By traversmg this wire, 
the current magnetises an iron cylinder forming the core of the 
bobbin, and this attracts a plate of the same metal screwed to 
the extremity of a bent lever. A spiral spring parallel to the 
electro-magnet balances the magnetic attraction^ so that the 
contact is not called into operation except when the current has 
a given strength. The opposing spring, as may be seen, is 
fixed at one of its ends to a small oscillating jockey-lever, which 
admite of rendering it more or less taut, and consequently the 
lamp more or less sensitive. 

Above the electro-magnet is a box enclosing a clockwork 
movement actuating, as required, the bars of two carbon-carriers, 
which are racked and engage with wheels of different diameters, 
as in the preceding lamp. An oscillating bar connects the 
armature to this clockwork mechanism, and acts as detent to 
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an escapement arresting movement of the clockwork when the 
Toltaio arc is neither too large nor too small — that is, when 
the current passes regularly in the apparatus. When the arc 
becomes too long in consequence of the consumption of the 
carbons, its resistance increases, the armature is drawn against 
the electro-magnet, and the detent liberates the clockwork. 

In M. Duboscq's original apparatus it was necessary to 
separate the carbons by hand in order to regulate their position 
and their distance; Foucault has added a second clockwork 
mechanism, which separates the carbons as required. 

This auxiliary mechanism, like the first, acts upon the wheels 
which engage with the racked bars of the carbon-carriers, only 
its moyement is inverted. 

There are then in this regulator two distinct motors, one to 
separate the carbons when they are too close together^ the other 
to bring the carbons together when they are too widely separated. 
The difficulty, which was to make these two motors independent 
and to cause them to act oppositely on the same toothed wheels, 
has been overcome in the happiest manner, by the use of a sun- 
and-planet motion. The bar that connects the electro-magnet 
with the two mechanisms oscillates to the right or to the left, 
and sets free each escapement at the same time; when it is 
vertical the two escapements are under detent, and no movement 
is produced. The springs should be wound up before each 
operation. 

With the Foucault-Duboscq lamp the luminous point may 
be raised or lowered during working, by turning by hand one 
of the tooth- wheels of the principal barrel. This operation is 
sometimes necessary when projecting the light for scientific 
purposes, but in industrial illumination it is without practical 
utility. 

As a whole, this apparatus is very ingeniously combined, and 
it possesses the advantage that it may be used in all positions, 
but it is somewhat delicate, needs regulation for every special 
application, and is slightly more susceptible to derangement 
than that of M. Serrin. It has extensive use in laboratories 
and in theatres. 
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Wat's BsamiATOB. 

The regulator inyented in 1856, by the English Professor 
Way, is based on a principle essentially different from that of 
Foncanlt In this apparatus the carbons were replaced by a 
fine stream of mercury issuing from a small fannd, and received 
in an iron capsule also containing mercury. 

The two poles of the electric generator were put into com- 
munication, one with the funnel, the other with the capsule, 
and there was produced between the successiye globules of the 
discontinuous vein a series of yoltaic arcs, and thus a regular 
lighting focus obtained. The luminous liquid vein was placed 
in a glass chimney of limited diameter, so that this might 
become heated, and thus the condensation of the mercurial 
vapour upon the sides prevented ; and as the combustion was 
carried on out of contact with oxygen, the mercury was not 
oxidised. 

Mr. Way has modified this first arrangement, and has obtained 
a better light by employing : (1) two outflow electrodes instead 
of one, so that two currents of mercury, each connected with 
one of the poles of the battery, fidling from the two jets, are 
carried away by a pipe ; (2) by making and breaking the 
electric circuit very rapidly by means of a small motor worked 
by the battery, and actuating a mercurial pump. 

In spite of all precautions, the apparatus allowed of the escape 
of very dangerous mercurial vapours, which finally killed the 
inventor. The light produced by this means was never very 
intense, and attained only a third of that given by the same 
electric current between two carbon points. 

Altenegk's Begulatob. 

The Hefner- Alteneck regulator, constructed by Messrs. 
Siemens and Halske, of Berlin, is much used in Prussia. The 
position of the carbons in this apparatus (Fig. 8) is regulated, 
as in the Serrin apparatus, by the weight of the upper carbon- 
holder, which tends to bring the carbons together as these are 
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consnmed, the electric current actuating a small electro-magnetic 
motor to separate them. 
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The upper carrier, which may be freely moved up and down, 
is connected to the lower carbon-holder by the intervention of 
rackwork and a tooth- wheel. 
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When the approximation of the two carbon poles increases 
too greatly the intensity of the current, the horse-shoe electro- 
magnet E attracts the armature A, held back by the spring/ 
of yariable tension ; the latter keeps the bar T, centered at L, 
against the stop d. 

When the electro-magnet, overcoming the effort of the spring, 
has attracted the armature, contact is established at C ; as soon 
as the current ceases to traverse the wire of the motor, the 
armatnre reassnmes its initial position, and the currents again 
become direct The oscillations of the bar T communicate, by 
means of a small pawl s, a rotary movement to a fine-toothed 
wheel U, which, by the intervention of the train and racks, 
separates the carbons. 

A fixed point n, against which the pawl strikes when the 
armature reassumes its normal position, compels this to leave 
the teeth of the ratchet-wheel, and allows free access to the 
racks. 

The velocity of approximation of the carbons is regulated by a 
fly W, put in movement by the train B, commanded by a ratchet- 
stop, which is not carried forward by the wheel U, when the 
pawl 8 is in action. 

When this regulator is employed with an apparatus giving 
alternate currents, the motor E works in the same manner, with 
the difference that oscillations of the armature are produced, 
without the help of the contact 0, by the mere change of polarity. 
To obtain a constant length of luminous arc, the velocity of 
approximation of the carbons should be made proportional to 
their consumption, which varies in the ratio of 1 to 2, as the 
current may be alternating or continuous. A button placed 
outside the lamp admits of engaging the racks with one pinion 
or with two toothed wheels, the diajueters of which are related 
as 1 to 2. 

This new regulator, independently of its use for continuous or 
for alternate currents, is distinguished by the regularity of its 
working. This precision is obtained principally by the use of 
a single point of support for the armature, instead of two, each 
corresponding to the period of attraction and to the period of 
release. Further, there are no clockwork springs in its con- 
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stmction ; and the contact has not to be frequently renewed, 
because only feeble sparks are produced. 

Sebbin's Begxjlatob. 

In order to produce the electric light between the two carbon 
pomtB:of the lamp or regulator, it is necessary, primarily, to pnt 
the points in contact, in order that the electric current may be 
established ; then the points must be separated by a slight 
distance, and these must also constantly approximate in measure 
as they are consumed by combustion or electric transmission, in 
such a manner that the luminous focus occupies always the same 
point in space. 

The regulator devised by M. Serrin completely satisfies these 
three conditions. It leaves the carbons in contact when the 
current does not circulate, it separates them to the distance 
required when the current is established ; it constantly brings 
them together without actually making contact. If, by accident, 
the carbons break or separate too far, they are automatically 
brought, after an instantaneous contact, to the distance necessary 
to develope the voltaic arc in all its brilliancy. 

Other regulators fulfil the same conditions; but the Serrin 
regulator gives greater precision, sensitiveness, and less incon- 
venience. 

The apparatus is represented in Fig. 9. It consists of an 
electro-magnet A, a bar B serving as motor, a bar C carrying 
the negative carbon, an armature D, an abutment E, a spring F, 
an excentric G, the positive carbon-holder H, a fixed tie-piece I, 
an adjustable tie-piece J, a tension lever E L, a double parallelo- 
gram MNPQ, a clockwork movement 0, adjusting screws B 
and S, a clamp-screw T, an ivory stop V,* which serves to arrest 
the motion of the lamp, of a copper cover, and a series of acces- 
sory details. 

The carbons are fixed by means of a press-screw in the two 
carbon-carriers. The positive carbon is held above the negative 
carbon by means of a massive cylindrical bar, furnished at its 
upper end with two horizontal pieces connected to the carbon- 
carrier. The upper traverse or tie-piece permits, by means of 
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an adjusting screw, of imparting to the carbon-holder displace- 
ment in a plane parallel to that of the engraying. The lower 
trayersei by means of an excentric commanded by a button G-, 
displaces the carbon in a plane perpendicular to the plane of 
the figure. The combination of these two rectangular moye- 
ments gives the means of accurately adjusting together the two 
points of the carbons. Between these plays tiie yoltaic arc^ 
constantly kept at the height of a small circular gauge mounted 
on the bar of the positive carbon-holder. 

As to the negative carbon-holder, placed beneath the other, 
this is introduced into a hoUow tube, whence it can be with- 
drawn, to free it from the fragments of carbon that may 
accidentally be detached. A press-screw holds the carbon in 
its case. 

The following paragraphs describe how the approximation of 
the points, and their maintenance at a convenient distance, are 
effected. 

1. Approximation. — ^The solid bar of the positive carbon- 
holder tends to descend vertically under the action of its weight. 
It is, at its lower end, racked, and, during the descent, engages 
with a toothed wheel 0, whidi communicates motion to the train, 
as shown. On the arbor 0, of the first toothed wheel, is wedged 
a pulley, of which the diameter is half that of the wheel. This 
puUey follows the motion, by means of a Yaucanson's chain 
(link chain), of a smaller pulley ; the chain is fixed to a standard 
F, attached to the tube of the negative carbon-holder. According 
to the dimensions and arrangement of the first pulley, the 
negative carbon-holder is displaced higher, by a distance half that 
which the positive holder descends through. Thus is compen- 
sated the difference of consumption, which, for the negative 
carbon, is nearly half that of the positive carbon. 

The descent of the positive carbon is regulated by means of a 
train of wheels, which terminates in a pinion, commanding, at 
the same time, a regulating fly and a small winged star, the 
importance of which will be seen later. 

When the carbons require renewal, the massive bar of the 
positive carbon-holder is moved upwards : this operation causes 
the descent of the tube of the negative carbon-holder, under the 
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inflaenoe of its own weight, and does not detennine any other 
moyement of the train of wheels, because a pawl on the arbor 
of the second wheel keeps the system at rest. 

2. Estahliahinff and Maintaining the proper Distance "between 
the Points. — This result is obtained by means of a double-jointed 
parallelogram M N P Q, the armature of soft iron D, and the 
electro-magnet A. 

In the parallelogram, the vertical side MQ, next to the positive 
carbon-holder, is fixed; two sides, M N, P Q, can be separated in 
a horizontal direction ; the third side, N P, is vertical, and the 
lower ends of these vertical movable sides are connected by a 
soft iron armature D. 

The influence of the weight on the jointed parallelogram is 
counterbalanced by means of two spiral springs. One is 
attached at one end to the lower horizontal side, and at the 
other end to a fixed projecting piece ; the other, connected at 
its base to the movable vertical side of the parallelogram, is 
fixed at the other end to the extremity of a bent lever L E, and 
can be adjusted by an exterior screw E. 

The soft iron armature D, placed in relation to the electro- 
magnet A, will be attracted by the latter when the circuit is 
closed, and the intensity of the attraction will vary with the 
energy of the current. 

The positive wire of the machine, clamped in a terminal, is 
put in communication with the body of the apparatus, and the 
electric current, passing from the upper (positive) carbon to the 
lower (negative) carbon, by the voltaic arc, leaves the lower 
carbon-holder, traversing the insulated conductor S, to the 
electro-magnet, and issues from the apparatus by an insulated 
terminal, to which the negative wire is attached. 

The engraving shows that the tube of the negative carbon- 
holder is connected to the vertical movable side of the parallel- 
ogram. This is submitted to two forces which counterbalance : 
ite weight, which tends to make it oscillate around the fixed stop, 
and the springs that tend to raise it. The action of the electro- 
magnet consists in overcoming at a given moment the power of 
the springs, and by attracting the soft iron armature to cause the 
parallelogram to descend. When the current in the electro- 
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magnet is weakened, the springs become in their tnm the more 
powerfol and raise the parallelogram. 

It is easily perceived that in ttie first case the negative carbon 
descends, and that it rises in the second. In effect, the vertical 
movable side of the parallelogram carries a jockey E, the point 
of which can, as it descends, enter between the arms of a wind- 
mill wheel, detaining the movement of the train, and conse- 
quently of the racks. The lowering of the parallelogram 
engages the jockey, whilst it raises the detent, and consequently 
the rackwork is stopped in the first case, and left free to descend 
in the second case, causing the ascent of the negative carbon. 

The button B acts by the lever L E on a spring which 
serves to regulate the apparatus in the following manner. 
When the light plays between the two carbon points, there is a 
distance (according to the intensity of the current), for which 
the lighting power is a maximum. To this distance corresponds 
a position of the parallelogram with relation to the action of the 
springs and of the electro-magnet. By varying by means of the 
lever the tension of the spring and the distance of the armature 
from the electro-magnet, there is quickly obtained the proper 
position of the parallelogram, and the distance of the points 
under the most fiivourable conditions. 

It remains to review the operation in practice. Suppose that 
the carbons have been placed without the current again passing 
in the apparatus. The descending movement of the solid bar 
determines the ascending movement of the negative carbon until 
contact is established. From this movement the two bars 
descend together, but as the bar of the negative carbon-holder 
is connected to the vertical movable side of the parallelogram, it 
lowers the parallelogram, the jockey detains the windmill wheel, 
and all the mechanism is locked. 

As soon as the current is sent into the apparatus, the electro- 
magnet becoming active, attracts the armature, sets the parallel- 
ogram oscillating, and consequently the lower carbon, the point 
of which is separated to a small distance from that of the upper 
carbon: the voltaic arc appears and connects the two points. 
Proportionally as the current becomes less energetic by con- 
sumption and the separation of the points, the electro-magnet 
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beoomes less powerful, the action of the springs increases, the 
armature separates from the electro-magnet, and the parallel- 
ogram oscillating rises. Consequent npon this incessant move- 
ment of the parallelogram which by-and-bye descending with 
the armature, presently rises nnder the action of the springs, 
the windmill wheel is alternately engaged and disengaged ; the 
rackwork consequently passes through by alternations of 
descent and stoppage, and the mechanism of approximation 
works in maintaining the carbons within the limits desired. 

The advantage which the Serrin regulator presents to all 
others, is especially that its motor is powerful enough to ensure 
a certain constancy, by destroying small abnormal resistances 
which occur, without, in spite . of that power, crushing the 
carbon points against each other or permitting them to gUde 
parallel. As soon as the lower bar descends a little, it imme- 
diately stops the windmill wheel, and thus withdraws the carbons 
in contact under the action of the weight of the upper bar. It 
suffices to properly tension the spring balancing the lower 
carbon-holder to obtain a movement having any property 
desired. 

No other regulator possesses the property of having a motor 
that is both delicate and powerful in an equal degree, but this 
does not say that M. Benin's apparatus has no defects ; it has, 
with all things human, some imperfections, and, even though 
these imperfections are sUght, it is useful to point them out. 

All the movements produced by the electro-magnet on its 
armature are directly transmitted to the inferior carbon-holder, 
vrhidi inceeaantly osdlktee when the carbons contem impnritieB. 
These oscillations increase or diminish alternately the length of 
the voltaic arc, and consequently its resistance. The current 
thus changes in intensity at every instant, and these changes 
react on the motor-machine and on the electro-magnet, which 
multiply the primary oscillation, and often give a very dis- 
agreeable instability to the light. Adding that the apparatus 
cannot be used horizontally nor with great inclination, and that 
its parts are somewhat too delicate for use in workshops, we 
have enumerated all its small inconveniences. In spite of this, 
we repeat that its normal service is satisfactory, and that it is 
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sufficient to take a little precaution to avoid serions mishaps. 
With carbons chemically pure, and a constant source of electri- 
city, the amplitudes of the armature of the electro^magnet may 
be made nearly nil, and a light obtained as steady as that of an 
oil-lamp or well-regulated gas-burner. 

GmouABD's Bbgttlatob. 

At the beginning of the year 1876, M. Girouard presented to 
the Institute an electric lamp of a special character. Opposed to 
the preceding combinations, the new lamp is divided into two 
distinct parts : (1) the lamp properly so called with clockwork 
movement for bringing together and separating the carbons; 
(2) the regulator in the form of a relay, which may be placed 
near the lamp, and which is worked by means of a small portable 
sulphate of mercilty battery. 

This system then has two apparatus, connected by two 
distinct circuits. One of these currents is very intense; it 
emanates &om the machine and gives rise to the electric light 
after passing an electro-magnet fixed on the relay ; the other, 
very feeble, only sets free the clockwork movements for the 
advancement and withdrawal of the carbons. 

The lamp contains two clockwork movements commanded by 
a single barrel. These movements are governed by a detent 
depending upon a special electro-magnetic system, which corre- 
sponds electrically with two small contacts on the relay. 

This system may be used in all positions: it is likely therefore 
to be ap^ to ibeateical reprientatioii naval xL<»nyree. 
physical experiments, &c. In ordinary industry, it does not offer 
sufficient advantages to compensate the complication occaidoned 
by the use of the battery and of secondary relay mechanism. 

Cabby's Begulatob. 

M. Carr6 patented in 1875 an electric regulator with clock- 
work movement, having, like that of M. Serrin, the positive 
carbon for motor. Instead of an electro-magnet, M. Carre 
employs a double solenoid of particular shape. The armature 
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of fhiB solenoid is SHsbaped : it osciUates by its centre around a 
fixed point, and enters at each of its extremities (whilst the 
current passes) into a cnryed k)bbin. 

The winding of the wire on the bobbin of the solenoid is so 
made, that the actions of the bobbins add to and follow that of 
the armatnre in the same direction. 

When the current does not pass, the armature is retrograded 
by the effect of two opposing springs, a pawl disengages the 
escapement of the mechanism and (he carbons come into 
oontect As soon as the current traverses the apparatus, the 
armature is sucked into the solenoid and produces separation of 
the carbons. 

The attraction of the armature increases regularly, in direct 
proportion to its entrance into the bobbins, provided its path 
does not exceed certain limits. 

We haye tried a regulator on this system, hni we have been 
satisfied with the results, only the apparatus which was used in 
our trials (&om the workshops of M. Br^guet) was designed 
with a view more to laboratory experiments than to industrial 
lighting. 

Some changes in the carbon-holders, a more perfect study of 
the exterior parts and of the movement itself without change 
of principle, would render this ^paratus practicable and allow of 
its rivahy with that of M. Serrin. It is already a good physical 
mstrument, it remains to fit it for the workshop. 

Eleotbio Lightikg wtchout Begulatobs. 

M. Jablochkoff, an officer in the Bussian army, patented in 
March, 1876, for the production of the voltaic arc, a new 
arrangement of electrodes which completely suppresses the 
regulator. 

This invention was presented to the Academy of Sciences by 
M. Denayrouze, 30th October, 1876. 

The carbons instead of being opposed are placed side by side, 
and are separated by an insulating fusible substance, such as 
porcelain for example. When the current begins to pass, the 
voltaic arc plays between the ends of the car\)ons. The layer of 
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insulating matter melts, volatilises, and the double rod of carbon 
slowly consumes, exactly, says M. Denayrouze, as the wax of a 
candle progressively exposes its wick 

The Jablochkoff candle has special properties. The heat of 
combustion of the carbons, lost in the atmosphere with regu- 
lators, is utilised with the candle for the fusion and volatilisation 
of the insulating mixture. The composition of this may be 
infinitely varied, because the majority of earthy substances may 
be employed. Matter reputed the most infusible volatilises 
when introduced into the voltaic arc. 

In September, 1876, M. Jablochkoff, in an addition to his 
patent, indicates the possibility of obtaining several colorations 
by introducing into the insulator various metallic oxides. 

In October, a second .addition indicates the elements of a 
syBtem of Ughting comprising a munber of luminous pointe, and 
the means of lighting and burning independently of one another, 
by the use of a secondary battery, the different foci of this 
system. 

Towards the end of the same month, M; Jablochkoff stated, 
in a further addition, that instead of separating the carbons by 
compact bodies, it is preferable to employ powders. ''The 
carbons are surrounded by a cartridge of asbestos, and the 
carbons are separated from one another by the same powdered. 
The voltaic arc bums all." 

In November, the inventor points out a fresh improvement, 
which consists in suppressing carbon rods, and replacing them 
by tubes filled with a substance analogous to the insulating 
substance. 

Finally, on the 20th November, M. Jablochkoff took out a 
new patent for a system of obtaining with a circuit from a single 
source, as many luminous foci as may be desired. This system 
is based on the use of induction coils enclosing other bobbins 
induced by the first, and put into connection with the two poles 
of the luminous focus to be produced. 

It is to be hoped that the interesting labours of M. Jablochkoff 
may have practical result, and that they may notably increase 
the domain of electric lighting. 
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Ik his experiments on the yoltaic arc, Davy made use of rods of 
wood carbon extinguished in water or mercury. * These rods 
burnt with great brilliancy, and in a very regular manner, but 
they wore away so rapidly that their use was obliged to be 
reseryed for laboratory experiments. In replacing the wood 
carbon by the deposits collected from the walls of gas retorts, 
Foucault really opened up to the voltaic arc the epoch of usefrd 
applications. Betort carbon is, in fact, much more dense, and 
resists for a long time the destructive action of the yoltaic focus. 

But, as M. Le Boux has observed with reason, the last word 
has not been said upon this question, and retort carbon will 
still offer grave inconveniences: its density is far from uniform, 
it sometimes splits, frequently works irregularly, and produces 
considerable variations in brilliancy. These variations chiefly 
depend upon the presence of foreign matters, such as alkaline or 
earthy salts, and also notable quantities of silica. These matters 
are much less refractory than the carbon ; they pass into vapour, 
and form for a great part the flame which envelopes the arc. 
This flame is more conducting than the voltaic arc proper ; more- 
over, as it has a much greater section it is less heated^ and besides, 
as it is a gaseous body, its power of radiation is less than that 
of the particles of carbon which constitute the arc. 

Let us hasten to say that, by suitably choosing the two rods 
which should furnish a regulator, retort carbon gives satisfactory 
results in most of its applications. 
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When the voltaic arc is enclosed in a globe of frosted glass^ 
the scintillations, iutermittences, and variations in the intensity 
of the focus are much less felt; the shadows are mnch less 
marked, the light is softer, more homogeneous, more agreeable. 
But the globe causes a very considerable loss of Ught, and 
whenever the small irregularities, due to the imperfection of 
the carbon, are supportable, the carbons should be burned with- 
out a globe. Moreover, one gets readily accustomed to the 
electric light; and workmen now, instead of complaining, seek 
factories lighted in this manner. 

Several inventors have endeavoured to substitute for carbons 
cut directly from the deposits on the walls of retorts similar 
agglomerates, but purer; others have merely purified retort 
carbons. Some have obtained products very remarkable in 
respect of luminosity, but practically inappUcable on account of 
their extreme cost. 

Among the processes proposed for the improvement of elec- 
tric carbons, we will cite those of Messrs. Staite and Edwards, 
Le Molt, Lacassagne and Thiers, Gurmer, Jacquelain, Peyret^ 
Archereau, Carre and Graudoin. 

Staite Aim Edwabds' Gabbon. 

In 1846, Messrs. Staite and Edwards patented a process for 
the manufacture of carbons for the electric light, which had for 
its base a mixture of pulverised coke and sugar. 

The coke is first reduced to a nearly impalpable powder, and 
a small quantity of syrup added, the mixture being pugged, 
moulded, and strongly cconpressed. Then the carbon- is subjected 
to a first heating, and plunged into a very concentrated solution 
of sugar, and again subjected to a white heai 

Le Molt's Gabbon. 

M. Le Molt, in 1849, patented a composition for electric 
carbons, consisting of 2 parts of retort carbon, 2 parts of wood 
charcoal or of coke, and 1 part of tar. The substances were in 
the first place pulverised, pounded, mixed, and by much tritura- 



40 SLEOXBIO UOHTINa. 

tion bronght to the state of a stiff paste ; then, by the aid of 
powerful mechanical means, subjected to great compression. 

The motdded pieces were covered with a coating of syrup, and 
placed beside each other in a yessel of retort carbon. They were 
then subjected to a high temperature for a period of from twenty 
to thirty hours, and purified, if necessary, by immersion in acids. 

• 

liAOASSAainB AND Thdebs' Gabbon. 

In 1875, Messrs. Lacassagne and Thiers gave attention to the 
purification of retort carbons. They fused a certain quantity of 
caustic potash or soda. When this bath was at a red heat they 
digested in it, for about a quarter of an hour, the carbon rods 
which had been previously cut from the walls of retorts. 

This operation was intended to change into a soluble silicate 
of potash or soda the silica contained in the carbons which is 
so pernicious to the constancy of the light The carbon rods 
were then washed in boiling water, and subjected for several 
hours (in a red-hot tube of porcelain*or fire-clay) to the action 
of a current of chlorine, which had the effect of converting the 
different earthy matters that the alkali had not attacked into 
volatile chlorides, as of silica^ calcium, potassium, iron, &c. 
Thus cleansed, these carbons gave a somewhat more regular 
light. 

Gubheb's Gabbon. 

Gunner's process consists principally in the calcination of 
lamp-black, benzine, and oil of turpentine, the whole mixed and 
moulded in the form of cylinders ; the decomposition of these 
substances leaves a porous carbon, which is soaked with resins or 
saccharine matters and again calcined. By repeating these 
operations, M. Gurmer succeeded in producing carbons of small 
density or conducting power certainly, but extremely regular, 
and free from all impurities. 

Jaoquelain's Gabbon. 

M. Jacquelain, late chemist at I'J^le Gentrale, has endeavoured 
to imitate the circumstances which, during the manu&cture of 
gas, give birth to retort carbon. These circumstances are the 
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coming into oontact with the white-hot walls of the retort of 
very dense hydrocarboretted matters, of which part is volatilised 
and the rest decomposed, leaving as residue a layer of carbon. 
In the retorts used in the manufacture of gas, these hydrocar- 
buretted matters carry away with them a great number of the 
impurities that the coal contains. By taking the tars resulting 
firom true distillation, cleared consequently of all the non-volatile 
impurities, and realising, in special apparatus, these conditions 
of decomposition in contact with highly heated walls, retort 
carbons ought to be reproduced possessing perfect purity. It is 
this that M. Jacquelain has done in operating with a tube of 
refractory earth of • 16 m^tre diameter, in an improvised farnace ; 
and he has obtained some plates which, cut into rods with a saw, 
have given a light perfectly steady, whiter, and of about 25 per 
cent, greater intensity, with an equal electric current, than that 
given by the ordinary carbons. 

The experiments made with these carbons, by the Paris 
Administration of Lighthouses, have been so conclusive that 
we had, about the commencement of 1876, the idea of putting 
the process in practice. But M. Jacquelain, being consulted, 
explained to us that it was impossible to calculate: 1st, the 
expenditure necessary for the establishment of a continuous 
manu&cture; 2nd, the approximate nett cost price of the carbons 
obtained. As another process by M. Gaudoin has commenced to 
give good results, we have not continued our idea. We have 
long ago learnt what is the cost of converting a very exact 
laboratory process into an industrial operation, and ^e do not 
wish to launch into an affiur of this nature without some figures 
being given. 

The carbon of M. Jacquelain, once formed, has always the 
inconvenience of requiring a considerable amount of manual 
labour before use can be made of it (because the material is so 
hard, that it can with difficulty be cut by the saw), and of pro- 
ducing relatively considerable waste. 

Pbyrbt's Carbon. 

M. Peyret, a physicist of Lourdes, has prepared carbons by 
soaking pieces of elder-tree pith or any other porous body with 



42 ELEOnUO LIGHTINa. 

liquefied sugar, and afterwards decomposing the sugar by heat. 
By repeating the operation a sufficient number of times, he 
obtained very dense carbons, which he then submitted to a 
current of sulphide of carbon. 

We have had in our hands only very small fragments of these 
carbons, and it has been impossible for U3 to give an estimate 
of their worth ; their high price is in every case a yery serious 
obstacle to the deyelopment of an industrial manu£Etcture. 

Abghbbbau's Oabbon. 

M. Archereau, whose name frequently comes under the pen 
in qneetions relating to agglomeratee of carbon or to electricity, 
has presented to the Academy of Sciences some new rods for 
electric regulators, composed of carbon mixed with magnesia, 
agglomerated and pressed ; the magnesia has, according to the 
author, the advantage of making the light more steady and of 
augmenting its lighting power. 

We have tried several samples of these carbons, some were of 
good quality, others inferior to retort carbons. Several carbons 
famished a light of 150 burners, with a total consumption per 
hour of 0'03 metre. It is a manufacture that is capable of 
giving good resulte. but needs very careful revision. 

Gasb^'s Gabbon. 

M. Garre has made a great number of experiments for the 
electric light upon retort carbons impregnated with different 
salts, and has combined a new product for the same usage. 
Some details of his labours are necessary to make their import- 
ance and merit understood. 

By impregnating porous carbons, and by a prolonged ebul- 
lition in concentrated solutions, M. Garre proves : 

1st. That potash and soda at least double the length of the 
voltaic arc, render it more silent, combine themselves with the 
silica and eliminate it from the carbons by making it flow to 
6 or 7 millimetres from the points in a state of vitreous globules, 
limpid, and often colourless ; that these substances augment the 
light in the proportion of 1 * 25 to 1 ; 
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2iid. That lime^ magnesia, and strontia augment the light in 
the proportion of 1 * 40 to 1, by the colouring in different ways ; 

8rd. That iron and antimony carry the augmentation to 1 ' 60 
or 1-70; 

4th. That boradc acid augments the duration of the carbons 
by enveloping them with a vitreous layer which isolates the 
oxygen from them, but without augmenting the light ; 

5th. That upon the whole the impregnation of pure and 
regularly porous carbons, with the solutions of different sub- 
stances, is a convenient and economical means of producing 
their spectra, but that the mixing of the simple substances with 
the carbon compound is preferable. 

For the manufacture of carbons, M. Oarre recommends a 
composition of powdered coke, calcined lamp-black, and a special 
syrup formed of 30 parts of cane sugar and 12 parts of gum. 

The following formula is reconmiended in the patent of the 
15th January, 1876: 

CJoke, very pure, in fine, nearly impalpable, powder . . 15 parts. 

Calcined lamp-black 5 „ 

Special syrup 7 to 8 „ 

The whole is strongly triturated, and has added to it from 1 
to 3 parts of water, to compensate for the loss by evaporation, 
according to the degree of toughness to be given to the paste. 
The coke ought to be made with the best coals, pulverised and 
purified by washings. (The coal powder may be likewise purified 
by washings by decantation and maceration with heat in acid 
baths.) l^e coke dust of gas retorts is generally pure enough. 

The paste is now pressed and passed through a draw-plate, 
then the carbons are placed in tiers in crucibles, and are sub- 
jected during a given time to a high temperature. 

The cooking comprehends a series of operations. 

For the first, the carbons are placed horizontally in the 
crucible resting upon a bed of coke dust, every layer is separated 
by a cover of paper to avoid any adherence. Between the last 
layer and the cover is put one centimetre of coke-sand, and one 
centimetre of sUicious sand upon the joint of the cover. 

After the first operation, which ought to last from four to five 
hours and attain a cherry-red heat, the carbons should remain 
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two or three hours in a very oonoentrated and boiling symp of 
cane sngar or caramel, with two or three intervals of considerable 
cooling, in order that the atmospheric pressure may force the 
symp into all the pores. The carbons are then left to drain 
by opening a cock placed at the bottom of the vessel, after 
which they are agitated for some instants in boiling water to 
dissolve the sugar remaining on the sur&ce. 

After desiccation the carbons are submitted to a second 
cooking to the degree required ; they are then stood up in the 
crucible by filling up their interstices with sand. 

They are thus manipulated from stage to stage until they 
have acquired the density and solidity requisite, and the mani- 
pulation is fiEMsiUtated by the use of an oven having as many 
stages as there are cookings required. 

The carbons are dried slowly. Their desiccation is completed 
in a stove,^ the temperature of which attains gradually 80 degrees 
in twelve or fifteen hours. To prevent their becoming deformed 
in drying, the rods are placed on pieces of sheet iron having a 
V-form. 

The Carre carbons are more tenacious and are harder than 
those of retort carbon. They are remarkably accurate and 
regular. Bods of ' 01 metre diameter and of * 5 metre length 
can be employed without fear of rupture. Their cylindrical 
form and their homogeneity make the cones maintain as perfect 
shape as if they were turned. They are also better conductors 
than retort carbons. The only inconvenience that we have 
remarked in their employment is a rapid disaggregation, the 
production of small sparks, and irregularity of the luminous 
brilliancy. 

Gaudoin's Cabbons. 

M. Gaudoin also has made numerous experiments upon 
carbons containing foreign substances. 

The following bodies have been introduced into the carbons : 
1st, phosphate of lime from bones; 2nd, chloride of calcium ; 
3rd, borate of lime; 4th, silicate of lime; 5th, pure precipitated 
silica ; 6th, magnesia ; 7th, borate of magnesia ; 8th, phosphate 
of magnesia ; 9th, alumina ; 10th, silicate of alumina. 



ELEOTBIO OASBONS. 45 

The proportions were calcnlated in such a manner as to obtain 
five per cent, of oxide after the cooking of the carbons. These 
were submitted to the action of an electric current always of the 
same direction, furnished by a Gramme machine powerful enough 
to maintain a voltaic arc of 10 to 15 millimetres in length. 

The negative carbon being placed at the bottom^ M. Gaudoin 
haa observed the following results : 

1st. The complete decomposition of the phosphate of lime 
under triple influence of electrolytic action, calorific action, and 
reducing action of the carbon. The reduced calcium goes to the 
negative carbon and bums in contact with the air with a reddish 
flame. The lime and phosphoric acid are diffused into the air, 
producing abundant fumes. The light, measured by a photo- 
meter, is double that which is produced by carbons of the same 
section cut from the residue of gas retorts. 

2nd. Chloride of calcium, borate and silicate of lime are also 
decomposed, but the boracic and silicic acids appear to escape, by 
volatilisation, from the electric action. These bodies give less 
light than the phosphate of lime. 

3rd. SiUca introduced into the less conducting carbons, melts 
and volatilises without being decomposed. 

4th. Magnesia, borate and phosphate of magnesia are de- 
composed, the magnesium in vapour goes to the negative carbon 
.and burns, in contact with the air, with a white flame. The 
magnesia, boracic and phosphoric acids diffuse into the air in a 
state of vapour. The increase of light is less considerable than 
with the lime salts. 

5th. Alumina and siUcate of alumina are decomposed only 
with a very strong current and a very considerable voltaic arc, 
but under these circumstances the decomposition of the alumina 
is weU manifested, and the alumina, in vapour, is seen to go off 
from the negative pole like a jet of gas, and burn with a blue 
flame of littie lighting power. 

The flame and vapour which constantly accompany these 
electro-chemical Ughts having appeared to him a great obstacle 
to their utilisation for illumination, M. Ghiudoin has not pushed 
these experiments further. He haa preferred to follow up his 
studies upon the agglomeration of carbon. 
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The prodnctB mannfiictTired by M. Qaudoin being superior to 
all others we will expatiate a little upon this mode of mann- 
&ctare. 

The patent is dated 12th July, 1876. 

As we haye said above, the carbons intended for the pro- 
duction of the voltaic arc ought to be chemically pure. Thus, 
the dust of retort carbon, though containing only a small 
proportion of foreign matters, is not sufficiently pure for this 
use, and its emplojrment presents some inconyeniences. The 
washings in acids or alkalies to which the carbonaceous matters 
may be submitted, with the aim of extracting the impurities 
they contain, are costly and insufficient. Lamp-black is pure 
enough, but its price is high and its management difficult. 
Owing to this, M. Gbudoin had to seek elsewhere a better 
source of carbon, and he has found a solution of the problem in 
decomposing, by heat in closed vessels, the dried pitches, fats or 
liquids, the tars, resins, bitumens, natural or artificial essences or 
oils, organic matters capable of leaving behind carbon sufficientiy 
pure after their decomposition by heat. 

The apparatus employed to effect this decomposition are 
closed retorts or crucibles of plumbago. These crucibles are 
placed in a furnace capable of being heated to a bright red. 
The lower parts of the crucibles are furnished with two tubes, 
serving, one for the disengagement of gas and volatile matters, 
the other for the introduction of the primary material. The 
volatile products of decomposition may be conducted under the 
hearth of the furnace and there burnt for heating the crucibles, 
but it is more advantageous to conduct them into a condensing 
chamber or into a copper still, and to recover, after condensation, 
the tars, oils, essences, and hydrocarbons that are produced in 
this operation. 

M. Gkudoin utilises these different sub-products also in the 
manufacture of his carbons ; he takes great care to avoid for the 
worms and receivers the use of iron, zinc, or any substances 
susceptible of being attacked by these tars, because the whole 
value rests in purity. 

Whatever may be the primary material employed for the 
manu&cture of this carbon, the decomposition by heat should be 
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able to be conducted either slowly or quickly according to the 
nature of the sub-products that it is proposed to obtain. For 
operating slowly it suffices to two-thirds fill the retort and to 
heat gradually up to a clear red, avoiding as much as possible 
the boiling oyer of the substances. For operating quickly, the 
empty retort is heated to a deep red, and the primary material 
thrown into the bottom in small quantities, in a thin stream if 
it is liquid, and in small fragments if it is solid. The slow 
distillation gives most tars and heavy oils and little gas. The 
quick decomposition gives more light oils and gas. 

When the primary material has been properly chosen, there 
remains in the retort, carbon more or less compact. It is pul- 
verised as finely as possible, and agglomerated alone or with a 
certain quantity of lamp-black by means of the carbides of 
hydrogen obtained as secondary products. 

Thus prepared, those carbides are completely free from iron, 
and are much preferable to those found in commerce, not only 
in the agglomeration of the carbons, but also in the impregna- 
tion or soaking of the manufactured objects. (The last operation, 
by filling up the pores, introduces oxide of iron when effected 
with commercial products.) 

The objects made in agglomerated carbon are, for one variety 
of carbon, as much more combustible as they are porous, and as 
much more porous as they are moulded with less pressure. The 
inventor himself uses, for his manufacture, steel moulds capable 
of resisting the highest pressure of a strong hydraulic press. 

Although the draw-plate or moulding apparatus, used long 
since in the manufiEicture of ordinary graphite carbons, may be 
used, without any modification, for the manu&cture of carbons 
for the electric light, M. Gaudoin has added to this apparatus 
certain important improvements. Thus instead of causing the 
carbons to issue from top to bottom, vertically, he places the 
orifice or orifices of the mould upon the side, and in such a 
liianner that the issuing carbons form with the horizon a de- 
scending angle of 20 to 70 degrees. The carbon is guided for 
the whole length by tubes or gutters. This arrangement allows 
of emptying the whole of the matter contained in the mould 
without interrupting the work, and as the carbon is constantly 
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supported it does not break under its own weight, which 
frequently happens when issuing vertically. 

We have made, at different times, numerous trials with all 
kinds of carbons, and those of M. Gbudoin's manu&cture gave 
the best results. It has necessitated much time and considerable 
expense to remove this manufiicture from the merely scientific 
domain to that of the practical, but success has crowned the 
efforts of the inventor. (Table A.) 

The light produced with the retort carbons was equal to 103 
burners, and that produced by the artificial carbons varied 
between 120 and 180 burners for the Archereau and Oarr6 car- 
bons, and between 200 and 210 for the Oaudoin carbons. The 
mean of 150 burners may be appUed, without appreciable error, 
to the Archereau and Carre carbons, and that of 205 to the 
Oaudoin carbons. 

Brought to a uniform section of 0*0001 square m^tre, the 
consumption of the carbons was respectively : 

For retort carbons 51 millimetres. 

Archereau 66 „ 

Graudoin .. .. 73 „ 

Carr4 77 

In proportion to tiie Kght prodiioed this consumption was : 

For the Gaudoin carbons .. 35 millimetres per 100 burners. 

Archereau „ ..44 

„ Carr6 „ ..51 

retort „ ..49 
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These experiments were made with a Gramme machine con- 
structed by M. Breguet and a Carr6 lamp by the same maker. 
The carbons were taken at hazard from a lot of several metres 
for each series. 

At the request of one of the inventors we made some fresh 
experiments, with the co-operation of Messrs. Ghramme and 
Lemonnier, with a more powerful Gramme machine and a 
Serrin lamp. 

The following Table (B) contains the mean of three series of 
experiments made with the greatest preciidon. The electric 
lamp was placed, quite vertically, at the same level as the oil- 
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lamp and photometer. Erery precaution was taken that there 
should not be any sensible error in the measurements of the 
luminous intensity. 

(TABLE B.) 

BlBULTS OF EXPERDCKNTB X7F0N SeYEBAL GaBBONS, 4th April, 1877. 



Name of Carbon. 



Form and 
DimenBioDB. 



Betort Carbon, 
good quality 



Archerean'a 
Carbons, new 
Bpecimen 



Carres Carbons, 
new specimen 



Gandoitt*s,Type 
No.l. 



Gaudoin's (Ag- 
glomeration 
of wood Car- 
bon) 



Square, 

9 ■*♦"• in the 

side 



Bound, 
10 •»•"»• diam. 



Bound, 
9 "•"• diawt. 



Bound, 
11 '2 "*•"»• diam. 



Bound 



i 



B 



81 



78 



64 



98 



H 



% 



i 



li 

I' 



60 



68 



69 



80 



78 



120 



173 



175 



208 



240 



I 



o d 



J 

a 



2-5 



Begularlty. 



820 



820 



820 



820 



820 



Passable 



NuU .. 



Middling 



Good .. 



Suffici- 
ently 
good 



ObeervatioiiB. 



Splinters numer- 
ous. Separation 
of a small piece. 
Scintillation. 
Carbons were 
shaped very irre- 
gularly. 

Disaggregation. 
Sparks. Light 
very variable in 
intensity at pe- 
riods. Shaping 
into sman facets. 

Small Sparks. 
Light running 
round. Very 
variable in in- 
tensity. Good 
shaping of the 
Carbons. 

Neither Sparks 
nor Splinters. 
Light a little 
red, but pretty 
constant. 

Light very white. 
Less steady than 
with Gaudoin*8 
Carbons, No. 1. 
No Sparks. 
Small varia- 
tions. 
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Brought to a nniform section of 0*0001 square metre, the 
oonsnmption of the carbons was respectively in these new 
experiments : 

For the Carr^ carbons .. ., 44 millimetres. 

„ Retort 49 „ 

„ Archereau 53 „ 

„ Gaudoin (wood carbon) 61 „ 

„ Gaudoin, No. 1 .... 78 „ 

In proportion to the Hght produced, this consumption was : 

For the Gaudoin (wood carbon) 32 millimetres per 100 burners. 

„ Archereau 39 „ „ 

» Carr6 40 „ „ 

„ Gaudoin, No, 1 .... 40 „ „ 

„ Retort 50 
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The light given by the Gaudoin carbons was a little less 
regular than that observed 6th November, 1876. That given 
by the Garr6 carbons varied in less than a minute &om 100 to 
250 burners; the arc rotated positively round the points, the 
same as if alternating currents were being used. The Archereau 
carbons appeared to us less effective than at the first trial ; they 
were consumed slowly, but they produced a light so variable 
that it was difficult to take photometric measurements. Only 
the retort carbons maintained their duration, luminous intensity, 
and, unfortunately, their irregolariiy. 

We shall describe, in terminating this chapter, the improve- 
ments that M. Gaudoin has made in his process, and patented^ 
7th April, 1877. 

Instead of carbonising wood, reducing it to powder, and then 
submitting it to mixture, the inventor takes dried wood, properly 
chosen, to which he gives the definite form of the carbon, then 
he converts it into hard carbon, and finally soaks it, as in the 
manufa<;ture we have described. 

The distillation of the wood is effected slowly, in such manner 
as to drive out the volatile substances, and the final desiccation 
is made in a reducing atmosphere, at a very high temperature. 
A previous washing, in acids or alkalies, removes irom the wood 
any impurities that it possessed. 

E 2 
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H. Gaudoin points out also the means of filling np the pores 
ci the woody by heating to redness, and snbmitting it to the 
action of chloride of carbon and different carbides of hydrogen. 
He hopes thus to produce electric carbons of small consmnption, 
and giving an absolutely steady light. 
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CHAPTER IV. 

MAGNETO-ELEGTBIO MACHINES. 

Definition — ^Transformation of Work into Eleotrioity — Influence of a Gurrent 
upon a Magnetic Needle — CErstedt's Experiment— Mutual Action of Two 
Currents — ^Amp^re's Discovery — Action of a Current on Soft Iron — Arago*8 
Discoyery — Action of a Magnet on a Metallic Helix — Faraday's Discoyery 
and Experiments — ^Induced Electricity — ^Pixii's Machine: Commutator — 
Clarke's Machine — ^Niaudet*s Machine — ^NoUef s, or the ** Alliance " Machine 
—Holmes' Machine — Wilde's Machine — Improyements by Wheatstone and 
Siemens — ^Residual Magnetism — Ladd's Machine— Lontin's Machine. 

The term magnetcheledrie machine is given to a collection of 
parts or mechanism intended to create and gather together 
induced electric currents. 

The operation of a magneto-electric machine necessitates the 
intervention of some motor, animate or inanimate, and, for the 
same kind of apparatus, the motive force employed is as much 
greater as the electricity produced is greater. The machines 
may be defined by saying that their object is to transform work 
into electricity. 

. When magnets are replaced by electro-magnets, these machines 
are often defined under the term dynamo'eledric^ to avoid con- 
fusion with those constructed mth ordinary magnets, or with 
Jamin magnets. 

We preserve the first name because magnetism is the source 
of the current, the same with magnets as with electro-magnets, 
and becaiise it is necessary to distingnish induction machines 
with glass plates, which also transform work into electricity. 

If it were wished to give a more complete designation, we 
would term as dynamo-electric machines all those necessitating 
a motor, and dynamo-magneto-electric all those requiring both 
a motor and a magnet. For the sake of simplicity, we do not 
add the word dynam>o, and we shall designate each machine by 
the name of its inventor. Some scientific details are necessary 
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to explain the principle and the mode of working of magneto- 
electric machines. 

In the month of Svlj, 1820, (Erstedt, a Danish physicist, 
remarked that a magnetised needle is deflected from its direction 
when it is placed near a closed electric circnit. The same pheno- 
menon occnrring when the current is replaced by a magnet, it 
became evident to (Erstedt, as to all contemporary physicists, that 
a complete analogy existo between electricity and magnetism. 

From that first obserration really dates one of the most 
beantiftil of the conquests of the htmian mind in the domain of 
natural philosophy. In the scientific world, even before 1820, 
the intimate relation existing between the electric current and 
a magnet is often spoken of: this feuit even senred as a base for 
seyeral electrical theories, but no one had rendered it palpable, 
and it is CErstedt's experiment alone that opened to science the 
luminous path which scientific men have followed with so much 
success. 

On the 11th of September, 1820, M. de la Biye repeated 
CErstedt's experiment at Paris, before the Academy of Sciences ; 
eight days after, the 20th September, Ampere made known the 
mutual action of two currents and of magnets on currents ; the 
25th September, Arago discovered that an electric current can 
impart magnetic properties to a bar of iron or steel. Never did 
discoveries on such a subject succeed with more rapidity, or more 
quickly receive theoretical explanation, and give rise to more 
admirable applications. 

It is the English physicist, Faraday, who, in 1830, had the 
honour of completing the labours of. CElrstedt, Ampere, and 
Arago, by demonstrating that a magnet could create an electric 
current. 

Faraday found, by numerous experiments, that, if a bar- 
magnet is introduced into a bobbin or coil of insulated wire, it 
determines an electric current therein. He also found that 
when a circuit is traversed by an electric current of a certain 
direction, and there is approached to it another circuit not- 
traversed by a current, during the time of the approximating 
movement, there is created an electric current in the second 
circuit, ^hich current is in inverse direction to the first. 
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The cnrrente developed by tiie mflueuca of a magnet, or of &n 
electrified circuit, are termed indticti&n currents, or induced 
currents. The magnetiaed bar, or the first current, having givea 
rise to indnced cnrreiitB, ia termed the indudor or inducing 
current. 

Fig. 10 shows, as Faraday made it, the experiment of induc- 
ing cnrrente by the aid of magnets. He took a bobbin, having 
a single wire of 200 or 300 metres in length, open in the interior, 
and placed on a baseboard. Beneath the iMseboard, the two 
ends of the wire are carried to two terminals, from which two 
copper wires establish commoDication with a galvanometer. 



By snddenly introdnoing a magnet into this coil, the illtiBtrioas 
physicist observed the following phenomenon : 

(1) At the instant when the bar enters the bobbin, the 
galvanometer indicates the existence of a current of a certain 
direction ; (2) when the movement is arrested, the needle 
returns to zero ; (3) when the bar is withdrawn, the galvano- 
meter indicates a cnrrent of inveise direction te the first. 

Fig. 1 1 represents the experiment of an indnctor current and 
an inert spiral. A hollow coil, fmnished with a long and thin 
wire, is pnt into connection with a galvanometer, and a second 
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boblnn, mth & tliick uid abort wiia, ia connected to s battety, 
tod oonsequentl; travened by a voltaic current. If the tipper 



Fro. n. 

bobbin ia plnnged into the otber, there ia iiiBtantly produced in 
the lower bobbin a current inverse to that of the inducing coil 
This carrent ceases whilst the amaller bobbin remains within the 
larger, but there ariaee a direct coirent upon the instant when 
the indncing bobbin is rapidly withdrawn. 

Faraday also made a very beantifid experiment to prove that 
then exist induced onrrents in a metallic circle revolved rapidly 
before the poles of a magnet, and his extremely simple apparatna 
may be considered as the first magneto-electric machine ever 
ooustructed. 

In 1832, Pixii, a mann&ctnrer of physical instnunenta at 
Paris, combined a very ingenious machine to realise practically 
Faraday's experiments, and once this time a lai^ number oi 
eolations of the same problem have been propoaed. 

Among the more important labours fdlowing this order of 
ideas, are those of Saxton, Clarke, Nollet, Siemens, Wheatslone, 
BnhmkorfF, Wilde, Paoinotti, Holmes, Ladd, Br^gnet, Gramme, 
Niaudet, Ac A fine oolleotion of magneto-electric machinee was 
exhibited at South Kensington Museum in 1876, contuning 
nearly all the arrangonents invented ainoe fwty yeais. 
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We shoold deviate too fer from tbe main subject of thie work 
wew we to give a detailed deseriptioQ of all the machinea that 
have been praotically realised, even if we confined ourselTee to 
those that have been sncceeefol ; those of onr readers who wish 
to have complete information on this intetestiag question should 
consult the collection of French and Englifib patents, and the 
treatises of Jamin, Wagnin, du Moncel, &c. 



Fia. 12. Prm'a Maokinb. 

We intend simply to give some details on the experimental 
machines of Pixii, Clarke, and Niaudet, and on the electric 
light machines of Nollet, Wilde, Ladd, and Holmes. 

Pixii's machine (Fig. 12) confliats of an electro-magnet, a 
magnet, a wooden base and frame, mechanism for transmitting 
motion, and a small apparatus for directing the currents. 

The electro-magnet is attached to the upper part of a small 
gallows, and the magnet is arranged to turn rapidly before the 
electro-magnet, pole to pole. A handle and a pair of bevel 
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wheels eoffioe to work the magnet. The arruigement of the 
sf^iarattui is very primitiTe, bat it is sufficiently Batds&ctory 
when r^aid is had to the date of ite ooostnictioa. 
- When movem^t is imparted to the magnet ite poles are 
made to poas snccesaiTely before the polee of the electro-magnet. 
There is produced at each half-reTolntion in the wire of the 
coils a corrent which is propagated in the conducting wires 
parallel to the vertical standards. This current, which is pro- 
portionally more intense the more nearly 
the poles of the nlagnet pass those of 
the electro-magnet, is alternately direct 
and inverse, and for many applications 
it must be redirected. This is effected 
by means of a commutator placed on 
the axis of rotation above the table. 

The commutator being one of the most 
important parte of indnction machines 
with alternating correute, it is nsefol 
to form some idea of iie nse and of the 
principle on which it is based. 

Let A and B (Fig. 13) be the two 
Fio. 13. CoKMCTiTOi. jjj^^ ^f ^ cyUnder, completely insu- 
lated one &om another by a badly con- 
ducting snbetanoa F Or, and each connected with one of the poles 
of a voltaic battery. So long as the cylinder remains at rest, 
the friction springs C and D and the conductor- H J attached 
thereto, are affected by a direct current ; but when the cylinder 
is made to rotate on its axis, the current collected 1^ the 
friction springe vrill change its direction. This needs no further 
demonstration. 

If, however, the cylinder A B is connected on to the axle of 
an induction machine, combining the arrangement so that the 
axle may turn with or without the cylinder, and if the half- 
cylinder A is connected to one coU of the electro-magnet and 
the half-cylinder B to the other, there happens the exact 
contrary of that which occurred with a voltaic battery. It is 
evident that when the cylinder A B is fixed and the machine is 
in motion, at every half-revolution the conductors H J vrill be 
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affected by currents alternately direct and inyerse, and that when 
the cylinder A B participates in the motion of the machine the 
currents collected will be always in the same direction : because 
the apparatus^ is so arranged that the current in the electro- 
magnet changes its direction at the same instant that the 
friction springs CD change on the half-cylinders. 

Such is, in substance, the principle of all commutators ; their 
form and combination in detail may be infinitely yaried, but the 
principle on which they are based is always the same: to present 
the inverse poles of a circuit to the friction-pieces at each 
inversion of the current in the machine. The best known 
commutators are those of Ampere, Clarke, Buhmkorff, Bertin, 
'&c. 

In all machines intended for chemical decomposition it is 
absolutely necessary to redirect the currents. For the produc- 
tion of the electric light this is not requisite. 

That part of the commutator where the friction-pieces quit 
one of the conductors in order to pass to the other, is ordinarily 
the seat of multiple sparks, which are very intense and rapidly 
destroy this portion of the apparatus, and are often an insur- 
mountable cause of non-success in machines w^ designed, 
commutator apart, for industrial work. 

Practice having proved that it was useless to make the electro- 
magnet so massive as in Pixii's, whilst there was advantage in 
increasing the power of the permanent magnet, Saxton com- 
bined a machine with horizontal electro-magnet, revolving before 
the poles, placed end to end, of a magnet, also horizontal, and 
Clarke realised the same idea by setting the magnet vertically 
and the electro-magnet horizontally, and not end to end. 
Although this improvement was not primordial, and although 
the merits of Pixii and Sazton are greater and more generally 
appreciated by scientific men than those of Clarke, the name of 
the last has prevailed to characterise all classes of machines with 
alternating currents. 

Clarke's apparatus (Fig. 14) consists of a bundle of magnets, 
curved in horse-shoe shape, and fixed on a vertical base. Before 
this bundle are two bobbins, revolved by means of a bevel wheel 
acting on a small crown wheel mounted on the axle of the 



KLxoiBio uawnsa. 



bobbinB. The ooils are votand on two cylinders of Boft iron, 
c(mnected togetlier by a piece of tbe same metal. At eadi balf- 
revolntion the poles of the electro-magset pass very near to the 
pedes of the penuaoent magnet, and s oommatator placed &t the 
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extremity of the arbor redirects the currents. These cnrrents 
pass by tbe friction-springs to the condnctors, and may be led to 
a Toltometer or other experimental apparatus. 

Eecently, M, Alfred Niaodet has combined a multiple Clarke 
machine, possessing the special advantage that a commutator for 
the production of currents in one direction is included in the same 
apparatus. It is represented in Fig. 15. It consists of a Bcnes 
of twelve coils placed between two plates and turning between 
the poles of two permanent magnets. Tbe coils of the electro- 
magnets are attached to one another ; tbe entering end of each 
coil being connected to tbe ontcoming end of tbe next coil, 
exactly as a series of voltaic elements are united in tension — that 
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is to ssy, the positive pole of each is connected to the negative 
pole of that following. When the plate tarns in the direction of 
the arrow, euppoHing the pole N of the magnet the higher and 
the pole S the lower, this is what occnra in any given coU : as it 
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recedes firom the pole N there is developed a current of certain 
direction, and this current remains of the some direction dnring 
the time that the hohbin goee &om the pole N to the pole 8, 
becanse the approaching of the pole 8 has the same inflaence as 
the receding from the pole N, and these two effects afe con- 
current. Bnt daring the second half-revolntion c^ the coil, it 
recedes &om the pole S and approaches the pole N, and con- 
seqoently the direction of the current is inverse to that which it 
had at the first half of the movanent. 

Let us, however, see what occurs generally. At any given 
instant let as oonrnder the bohhins placed to the right of a line 
drawn throng the poles ; these are all traversed hy currents in 
the same direction, which are associated in tension. The sum of 
the currents to the right is then manifestly equal to that of the 
cnnenta on the left-hand side. The whole may then he con- 
sidered as two piles of six elements opposed to each other by poles 
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of the flame nama Now if nx dectric drcidt iB put in com- 
mnnicatioii b; its two extremities with the points wheie these 
two aeriee of elements are oppoeed, it is traTenied by a cnzient 
&om both batteries, which are then aasodBted in qnantity. 

By ansl(^, in (ntler to collect the correnta developed in the 
Niandet machine, H is necesBary to estaUish Mction-piecee which 
touch the ptxnts <d oonnectkm of the different coils at the 
instAnt these are pasing the polar line. To this end, the 
inventor, imitating the Gramme machine which will be presently 
described, has placed metallic pieces which, directed radially, 
communicate with the points of jonctore of the coils, and from 
these the currents are taken. 



The most important innovation that has been brought to bear 

on induction machines giving alternating cnrreutB is withoat 

donbt the cosBtroction of the Itmgitadinal bobbin devised by 

SiemenB and Hidske, of Berlin, in 1854. The iron of this 

Undrical in form, hollowed ont parallel to its axis 

and deep grooves, ao that its transverse sectiim 

mble T. The copper wire, insulated, is woond in 
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tlieae grooves parallel to the axis of the cylinder, and is covered 
with 8 sheet of brass, which with part of tiie iron left nncovered, 
constitute a complete cylinder. One of the ends of the wire is 
soldered to the metallic axis of the cylinder, and the other end is 
soldered to a metal fermle inanlated on the extremity of this 
axis. 

Fig. 16 represents a Siemens machine with its bobbin. Ihe 
armatnres of the magnet embrace the bobbin very closely, and 
only leave play soffieient to permit of the rotation of the bobbin. 



Fia. 17. "Allianoe" Machine. 



This arrangement offers the advantage of giving the possible 
maxim nm of electricity and of preventing the magnets losing 
their power, for the bobbin acts as the iron keeper nsnally 
fomished to magnets to prevent loss of power. 
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The magneto-electric machine, now known as the " Alliance " 
machine, was invented by NoUet, professor of physics at the 
Brussels Military School. The object proposed by this inventor 
was to decompose water and to use for illmnination the gas pro- 
vided by this decomposition. Some considerable amount of 
capital was sunk in ezperimente on this chimerical idea, and 
the Alliance machine would probably not have been employed 

Malderen, a pupil of M. Nollet. 

This machine (Fig. 17) is constructed with a certain number 
of bronze discs G, each carrying at their circumference sixteen 
bobbins. These plates are mounted on a horizontal axle worked 
by a motor by means of a belt D, and they revolve between 
eight series of compound magnets B B, set radially around the 
axis and supported parallel to the plane of the disc by a special 
framework. As each magnet has two poles, one series presents 
sixteen poles regularly distanced. There then are as many 
poles as there are bobbins, so that when one is &cmg a pole the 
fifteen others are also fetcing poles. These machines usually 
have four or six discs, which consequently correspond to sixty- 
four bobbins and forty permanent magnets for one and to 
ninety-six bobbins and fifty-six permanent magnets for the 
other. One of the poles for the total current is attached to the 
axle, which is in communication with the frame by means of the 
bearings ; the other pole terminates in a thimble concentric to 
the axle and insulated from it by a non-conducting substance. 

The current changes its direction every time that a bobbin 
passes before the poles of the magnets. As there are sixteen 
magnet-poles there will be sixteen changes per revolution of the 
discs, and as the machine makes 400 revolutions per minute 
(more than six revolutions per second) there will be at least 100 
changes of direction per second. 

The important improvement previously spoken of is relative 
to the suppression of the commutator for the production of the 
electric light. This is indeed the simplification which has ren- 
dered the Nollet machine practicable, and admits of its applica- 
tion under numerous circumstances. 

In two lectures by M. Le Boux before the Sooiete d^Encovr 
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ragement are to be found most complete details on the theory, 
construction, working, and efficiency of the Alliance machine. 
These form the most complete and comprehensive work that has 
been published on this subject, and from this is taken the follow- 
ing explanation of the production of light with currents that are 
not redirected. 

Because the direction of the current changes, and that a 
hundred times per second, it necessarily occurs that at each 
change the intensity of the current should pass zero. Thus 
one hundred times per second the spark ceases to play between 
the two carbons; one hundred times per second the spark ceases 
to exist Tho light does not appear less continuous. This is 
due to the well-known persistence of light on the retina, and 
also to the fact that the voltaic arc, properly so called, only pro- 
duces a fraction of the electric light, the remainder being due to 
the incandescence of the carbons, which incandescence does not 
cease immediately with the passage of the current. But as it is 
known that the currents employed have not sufficient tension, 
under ordinary circumstances, to throw the spark through the 
distance, that a mere breath will interrupt the voltaic arc, and 
that then extinction occurs until the points have been brought 
into contact and again separated, it is astounding that the ces- 
sations of current, occurring so great a number of times per 
second, do not lead to the extinction of the light. This fact is 
difficult to explain. The tension of the current is insufficient to 
cause the spark to play to that distance between the cold car- 
bons; but when these are previously raised to incandescence by 
the passage of the current, the atmosphere surrounding them 
becomes better conducting by the elevation of temperature, and, 
doubtless also, by the presence of carbonaceous particles; the 
duraticm of the interruption being very short, the properties of 
the atmosphere surrounding the carbons have not time to become 
sensibly modified, and the current recommences to pas& The 
interruptions, admitting that the change of current may be 
accomplished whilst the centre of the bobbin traverses an arc of 
one millimetre, can have a duration of no more than the ten- 
thousandth of a second. 

The poles of the lamp being alternately in contrary direction. 
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the two cftrbona are equally coD&nmfld. The electric light 
rerolTee, bo to Bay, oontmn^y arotind the carbons, and sno- 
oeesively iUnmiiiatee every point of the horiz<m with very 
considerable Tariationa of intensity. 

The " Alliaooe " machines are employed at the H^e Light- 
house, at Gape Qris-N^ near Calais, at the Lighthonsee at Cron- 
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stadt, Odeesa, &e. ; ihej have been tried on several veesels and 
in several local indtutries. They work very well and require 
(mly small motor power. However, their ose does not extend, 
even though the French patent has become public property, 
anA others than the Company itself may constmct the machines. 
This position in particular of a good apparatns happens &om 
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a multitude of causes which it is unnecessary to here recount. 
It may be said, however, that the price of these machines is too 
high, and the space they occupy too large for the obtaining of 
advantages industrially. It wiU be seen, indeed, in the chapter 
devoted to the cost price of electric lighting, the importance of 
the first cost of establishment and introduction of magneto- 
electric machines and their regulators. Everyone knows, on 
the other hand, how precious is space in the majority of manu- 
factories or constructive workshops. 

Mr. Holmes, an English physicist, who has given much 
attention tQ magneto-electric machines for the production of 
light, has patented several original arrangements, the most 
recent of which, 5th June, 1869, is represented in Fig. 18, 
Instead of revolving the coils before the magnets or electro- 
magnets, Mr. Holmes revolves the magnets or electro-magnets 
before the ix)ils. He employs part of the current produced to 
magnetise the electro-magnets and couples the coils in such a 
manner that these can give several independent currents, and 
consequently produce several independent lights with the same 
machine. 

Thus, instead of revolving the induced coils before the 
inductors, Mr. Holmes revolves the inductors and fixes the 
induced pieces. This is returning to the Pixii machine, which 
may have its advantages for certain applications, but has only a 
secondary importance in the majority of cases. We have 
described this apparatus in order to give an idea of the path 
followed by Mr. Holmes in his researches on electric lighting. 

The analogy existing between the last machine and the 
^^ Alliance " machine is apparent. We have not taken account of 
the chronological order of the inventions, but it is useful to 
observe that the working of Holmes' machine is based on the 
use of the electro-magnetio exciting coils, and on the effects of 
remanent or resi&ual magnetism employed before by several 
physicists. 

The Exhibition of 1867 contained two extremely remarkable 
magneto-electric machines with alternating currents, about 
which we shall say a few words. These machines both come 
from England, and their inventors, Messrs. Wilde and Ladd, 

F 2 
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the first eepeoiallj, are pbyuciate who are aniTeraally known 
iind appreciated. 

The "Wilde machine (Fig. 19) consiBtB of two Siemens' 
apparatus superposed and of unequal dimenBions, with the 
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modificatioD that, in the larger, the magnet is replaced b; a 
powerful electro-magnet. The oppei and smaller machine is 
intended to magnetise the electro-magnet ; it ia for thia reason 
termed the exeUmg maehine. Between the two arms of the 
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magnet revolves a longitudinal bobbin that developes alternat- 
ing currents, which are redirected by a commutator and led to 
the electro^magnets by wires connected to two special terminals. 

Beneath is placed the large electro-magnet : its two branches 
are constructed of large plates of sheet iron, and for the elbow 
of the horse-shoe is substituted a plate of iron carrying the 
exciter; the poles of this electro-magnet are masses of iron 
separated by a copper plate, and form a cylindrical cavity in 
which revolves the second Siemens' bobbin. This part of the 
apparatus is termed the generator. 

The two bobbins are exactly similar; the diameter of the 
larger is three times that of the other. The exterior conducting 
wires are attached to its poles. 

The insulated copper wire which covers the branches of the 
large electro-magnet are carried to special terminals of the 
exciter. 

By the aid of two driving belts and a proper motor, the two 
bobbins are caused to revolve, the smaller with a velocity of 
2400 revolutions per minute, the larger with a velocity of 1500 
revolutions per minute. Thus the currents induced in the 
exciter maintain the larger electro-magnet strongly magnetised, 
and the currents induced in the generator are utilised in exterior 
work. Their intensity is considerably superior to that of the 
currents from the exciter. 

This very remarkable arrangement presents considerable ad- 
vantages to the preceding machines, especially with regard to 
chemical decompositions, in which its applications are in England 
very numerous. This would have also been the case in France 
if Messrs. Ghristofle and Co., who tried the Wilde machine and 
the Gramme machine simultaneously in 1872, had not recognised 
the superiority of the latter machine. 

Siemens and Wheatstone have combined magneto -electric 
machines without permanent magnets, descriptions of which 
appear in the 'Proceedings of the Boyal Society of London, 
1867,' and which resolve the important problem of the con- 
version of dynamic force into electricity without the aid of 
permanent magnetism. Mr. Ladd, about the same time, 
invented the machine bearing his name. 
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ladd'B machine (Fig. 20) oonfliatB of two large atraight and 
parallel electro-magneta, at the eitremitieB of which are pLiced 
two Siemena' bobbins of diflFerent aizee. The small bobbin 
excites the electro-magnetB, and tiieee react on the large bobbin 
which foruisbee the ntiliaable electricity. The wires firom the 
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electro-magnets aie connected in snch a manner tliat the 
contrary poles will be in ration when a single current passes. 
The free ends of these wires are carried to terminals where th^ 
receive the currents &om the small bobbin. 

The principle on whicdi the Ladd machine is based, and 
charaQterising also those of Siemens and Wheatstone, is this: 
when a bobbin rerolree between the poles of an electro-magnet, 
if this is the seat of a cnrr^it, there is developed in the bobbin 
an indnoed current the intensity of which is proportional to the 
velocnty and the magnetising power. If part of the induced 
cnrrent is empU>yed to excite the electro-magnet, there occnia a 
similar state of things to what happens when the electro-magnet 
is escit«d by a special machine, as in the Wilde machine. And, 
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in the latter case, the macbine being stopped, there always 
remains a little magnetism in the electro-magnets. This 
remanerU or residual magnetism, however feeble it may be, 
gives rise to a sUght electric current in the bobbm, which 
current, sent into the electro-magnet, increases its attractive 
power. The electro-magnet, becoming stronger, reacts on the 
bobbin, and the electric current increases more and more until it 
attains a maximum corresponding to the velocity of the bobbin 
and to the quantity of iron and of copper employed in the con- 
struction of the apparatus. Nothing can be more admirable than 
this multipHcation of electricity, thui reaction of effects upon one 
another, this transformation of work into electricity without 
other intervention than that of metallic pieces revolvmg before 
other metallic pieces. 

In order that a similar machine may be put in operation, it 
would be natural to admit that the electro-magnets have received 
an initial excitation, either by a battery or by a second machine: 
this is what generally occurs. Siemens, however, was the first 
to remark the following : instead of using a battery to provoke 
the accumulative action of the machine, it suffices to touch the 
soft iron bars with a permanent magnet, or to place them in a 
position parallel to the magnetic action of the earth. 

In practice it is not even essential to consider the position 
of the machine, because tiie terrestrial magnetism always aci» 
slightly upon the electro-magnets, and a trace of magnetism 
suffices to originate torrents of electricity. The mind is lost in 
contemplation of the succession of discoveries completing one 
another, and showing that with apparatus of smaU dimensions 
an infinite source of electricity could be produced if matter could 
withstand infinite velocities. 

There are still to be mentioned the two machines devised by 
M. Lontin, described in the journals of the last year. One of 
these is constructed with several bobbins mounted on an iron 
disc, which revolves before the poles of a fixed electro-magnet. 
The revolving part has the form of a star-wheeL The currents 
are collected as in the Niaudet machine. 

It ought here to be said that M. Alfred Niaudet is the first 
who had the idea of revolving a series of bobbins before two 
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magnetic poles : the ^* Alliance " and Holmes' multiple machines 
h»Te as mimy poleB as bobbins, and as many current invemons 
as magnets, whilst the Niandet machine has only two magnetic 
poles, and consequently a single inversion of current for each 
reydution of the axle. 

Messrs. Niandet and Lontin have realised this principle with 
some difference in the details. Thns M. Niandet uses wooden 
plates and permanent magnets ; M. Lontin, iron plates and 
electro-magnets; the first arranged his bobbins parallel to the 
axis, the second prefers to place them perpendicularly, &c., but 
both revolye a great number of bobbins before two poles. 

BeUeving that the Ught is produced more advantageously 
with alternating currents than with continuous currents (which 
is opposed to the truth), M. Lontin has recently constructed a 
second machine having great analogy to that of Hohnes, and it 
can, like that machine, feed several regulators simultaneously. 
We have not been able to procure photometric measurements of 
the light obtained, we are only able to affirm that the motive 
power employed is rather large with relation to the luminous • 
intensity. 

M. Lontin is a very energetic worker ; he has already con- 
structed a large number of magneto-electric apparatus and 
several regulators ; he has taken out many patents during the 
last fifteen years ,* however, we do not know of a single applica- 
tion of electric lighting by these methods. Indeed, although we 
have found the difficulties so great, and so large the amount of 
time and of money required in the resolution of this problem, 
we are none the less surprised at the small practical success of 
the labours of this inventor. 

The Gramme machine, the construction of which we are about 
to analyse, includes all the advantages of the precediag, and 
brings an element of the first order into the science of electro- 
magnetism. 
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CHAPTEB V. 

GRAMME'S MAGNETO-ELEGTBIC MACHINE. 

Success obtained with Gramme's Machine — Principle on which it is based — 
Analysis of Effects obtained with a Circular Electro-magnet — Action of 
Soft Iron on Copper Helices — ^Action of Permanent Magnets — Method of 
collecting the Currents — ^Partial Bobbins — Illustrative Machine — Vertical 
Machine for Electro-plating — Horizontal Machine for Electro-plating — 
Laboratory Machine with Jamin Magnets — Pedal Machine — Application 
to Medicine — ^Other Applications — ^Transmission of Motive Power to a 
Distance^Worms de Bomilly's Machine— Paoinotti's Machine — Services 
rendered to industry by M. Gramme. 

The machine inyented by M. Gramme is essentially different 
from that of Clarke and^ consequently, from all of those deriyed 
from it. The (Gramme machine is a work apart, susceptible of 
the most varied applications, and the name of the inventor is at 
&e present day known to and appreciated by aU scientifio men. 
As soon as the machine was actually realised, an English 
Gompany purchased the English and American patents, the 
Sodete cPEneotiragement awarded a gold medal and a prize of 
8000 francs, and a large number of manu&cturers ordered the 
apparatus. Since four years ago, the date of the first appli- 
cation, success has been on the increase; the inventor has been 
rewarded at Lyons, Vienna, Moscow, linz, and Philadelphia. 
Wherever the machine has been exhibited, it has had the 
advantage of captivating general attention. More than 400 
machines with magnets or with electro-magnets have been 
delivered, and gradually demands are becoming more and more 
numerous. Electric lighting, which did not exist, industrially 
speaking, before M. Gramme's invention, is at the present day 
within tixe domain of things practised.. 

Pbingiple of xhe Maghinb. 

In order to comprehend the principle of the Gramme machine 
it is necessary to look back to the most simple magneto-electrie 
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induction experiment that can be made ; bot iliete is required a 

more complete analyaiB of the phenomena than is oidin&iily 

attempted. Let ns consider (Fig. 21) a magnetised bar, A B, 

and a condncting helix in 

reciprocating niovement. 

If the helix is brought 

towards the bar &om its 

position at X, an induced 

current is produced. Let 

Fra. 21. us examine what occnia 

when the bar enters the 

hehx by a series of BUOcefisiTe movements. 

It is to be obserred that to each of these movements corre- 
sponds an induced current, and that these currents are in the 
same direction until the helix passes the neutral line, that is to 
say, the middle M of the bar A B ; and that they are then of 
opposite direction if the movement continues in Uie same direc- 
tion &om this point. 

Thus, in the entire course of the helix on the magnet two 
distinct periods are to be distinguished : in the first half of the 
movement the eutrenta are direct, and in the second they are 
inverted. 

In a memoir by M. Qangain, published in the 'Annales de 
Chimie et Physique ' (March, 1873), from which this interesting 
analysis is taken, may be seen an elementary explanation of this 
phenomenon by assimilating the magnet to a solenoid. 

If, instead of moving ttcm left to right, as we have supposed, 
the movement is firom right to left, everything occurs as before, 
with the exception that the currents are opposite. 



Let us, however, examine the complex case represented by 
Fig. 22. Two magBets, A B and B' A', are placed end to end, 



gbauue's HAomNB. 75 

- in contact by poles of the Biune name, B B'. The whole fonns a 
smgle magnet with a coneeqnent point at the centre. 

If the helix ia moved with relation to this system it is evident 
from the preceding, that this helix is traTersed by a poeitiTe 
current during the first quarter of the movement (between A 
and M) by a negative current in the second quarter (from M 
to B), again by a negative cnirent in the third qnarter (from B' 
to U'), and finally by a positive current during the hist quarter 
(from M' to A'). Tbos it is at these two neutral points that 
the cnitent changes its direction. 

By replacing the straight magnets by two semicircnlai 
magnets (Fig. 23) put end to end, the poles of the same name 
together, there occur the two 
consequent poles A A', B B', and 
the results are the same as in 
the preceding. The helix, in 
going from A to M, is traversed 
by a positive current, &om M to 
B by a negative current, from 
B' to M' by a negative current, 
and &om M' to A' by a positive 
cnirent. The neutral points ate 
then to be found on the line 
M M', perpendicular to the polar *''"■ ^3. 

line A B. 

The essential part of the Gramme machine is a soft iron ring, 
furnished with an insulated copper hehx, wound on the whole 
length of the iron. The extremities of this, helix are soldered 
together, so as to form a continuous wire without usoing or 
re-entrant end. 

The wire is denuded exteriorly, and the part bared forms a 
straight band running round the whole of the circumference. 
Friction pieces, M and M', are applied precisely on the bared 
part of the helix. 

When the ring thus ccnstntct«d is placed before the poles S 
and N of any magnet, the soft icon is magnetised by induction, 
and there occur in the ring two consequent poles, N' and S', 
opposed to the poles S and N. If the ring revolves between the 
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poI«e of a permBoeut magnot, the ooueeqaent poles deTel(^)ed in * 
the ling always remain in the same relation Trith regard to the 
poles N and 8, and are subject to displacement in the iron itself 
with a Tfibxiity equal, and of contrary direction, to that of the 
ring. Whatever may he the rapidity of the moTement, the 



poles N' S' remain fixed in space, and each part of the copper 
helix snccesavely will pass b^ore them. 

In oonffldering an el^nent of this helix, we know from what 
has' preceded, that it will he the seat of a current of a certain 
direction when traverang the path M S M', and of a cnrrent of 
inverse direction to the first when passing tbiongh the path 
M' N M. And, as all the elements of the helix possess the same 
property, all parts of the hdix above Hie line M M' will he 
traversed by cnnents of the same direction, and all parts beneath 
the line by a cnrrent of inverse direction to the preceding. 

These two cnrrents are evidently equal and opposite ; they 
balance one another. This is exactly what occhtb when two 
voltaic batt«riee, composed of the same nnmhw of elements, are 
coupled in opposition. Now, in order to utilise batteries in 
opposition, it is necessary only to put the extremities o! a circuit 
in communication with the poles common to the two batteries ; 
then the currents from the two batteries are no longer in oppo- 
sition, they are associated in quantity. 

This is also the manner in which M, Gramme collects the 
currents developed in the ring of his macbina He establishes 
collectors on the line M M', where the cnrrents in contrary 
direction encounteir each other. 
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If, in the case of two voltaie batteries in opposition, the 
extremities of a circmt are put into commnnication with the 
middle of each battery, instead of putting them to the common 
poles, the currents annul each other. Similarly, if the collectors 
of a Gramme machine are placed on the polar line, no current 
can be obtained. 

We have so far analysed the action of the soft iron ring, 
magnetised by the influence of the permanent magnet, on the 
copper helix surrounding it ; it remains to examine the effects 
produced directly by the poles of the permanent magnet on the 
bobbin, which, let us suppose, is left unprovided with iron and 
revolying as before. 

Betuniing to the experiment of the magnetised bar acting in 
the copper helix, and removing this helix from the bar by a. 
lateral movement, it is to be remarked that all parts of the helix 
with regard to the bar, as &r as the centre of the helix, are in a 
certain direction, whilst the opposed parts are placed in inverse 
direction. The magnet will then create a current of a certain 
direction in the first half-heUx, and a current of inverse direction 
in the second. The intensity of the first will evidently be 
superior to the intensity of the second, because the parts 
influenced are much more approximate to the magnet. The 
result of these two actions will be a very feeble current, which 
will naturally add itself to that we have previously analysed. 

But when the iron is in the interior of the coil it will prevent 
the magnetism of the permanent magnet acting on the second 
part of the helix, and the total effect will be sensibly increased. 

This is not all. The soft iron ring has also the effect of 
contracting the magnetic field of the permanent magnet, and 
of imparting to it consequently much greater inductive power. 
This is, according to M. Gramme, the principal cause of the 
production of currents in his machine. 

In tajaty the soft iron acts in three distinct ways : as inductor, 
as magnetic screen, and as exciter of the permanent magnet. 

There are produced by the motion of the bobbin very complex 
direct effects, exerting on each other reactions still more complex; 
but the preceding notions will suffice, it is hoped, to give suffi- 
ciently exact ideas of the manner in which the currents are 
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created ; this ia the important pcnnt. A longer diasertatioii would 
&tigne the reader, and be vithont the proTinee of this work. 

There is now to be considered the method oi collecting the 
cnrrentB. 

It hae been seen that by pladng the friction pieces on a line 
perpendicular to the poles, there is obtained tdl the current 
developed in the bobbin, and that by placing these pieces on the 
polar line no cnnent ensues. By placing the friction pieces 
near one another, always provided th^ are not pat into a line 
parallel with the poles, the corrent will be feebler as the 
oollectois are more closely approached, and this current will be 
in a certain diiection, direct, for example, if the two receivers 
are in the parte M 8 and M' K', and inverse, if the receivers are 
in the parts S M' and M N. This is easily perceived by referring 
to the consideTation of voltaic batteries. 

It is, however, easy to see that several currents may be taken 
on the same ring, or several machines assodated in tmsion or in 
quantity. Everything oconia as with voltaic batteriee, and the 
cnrrente obtained are of the same natnrc. 

In practice, M. Gramme does not denude the wire of the 

ring; he constroctH his apparatas in such a manner as to assmia 

the stability and solidity 

neceesory, especially for 

indnstj^ial application. 

It is knovm that in 
certain straight electro- 
magnets, particnlarly 
those of powerfal in- 
duction coils, the wire 
is wonnd in distinct 
bobbins placed side by 
side bat connected in 
tenfflon : in this manner 
is the wire distribnted 
Fio. 25. on the rings of the 

Gramme machine. 
Fig. 25 shows the different vrire and coils, which are the 
elements of this sonrce of olectridty, as voltaic coaplee are fte 
elementa of a voltaic battery. 
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To render the constniciion of this eesential part intelligible, it 
is lepresented in sectiim : in this yiew one or two coils, B, are 
shown in position, and also with the iron ring laid bare and cnt. 

Qeneially the ring A is made of iron wire, which gives a 
greater secniity, reUtirel; to its property of becoming mag- 
netised and demagnetised more qnickly, without retaining 
magnetism when not under the iiiflnen<!8 of the magnet. 

Badial pieces, B, insulated from one another, are each attached 
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to the issuing end of a bobbin and to the entrant end of the 
following bobbin. The currents are collected on the pieces R, as 
they wonid be on the denuded wire. These pieces B are bent 
at right angles, and their second parts, brought parallel to the 
axle, are carried ibiongh and beyond the interior of the ring. 

Li the view (Fig. 26) it is to be seen that the pieces B are 
brought near one another upon a cylinder of small diameter, but 
always insulated by silk ribbons or other insulating material, 
interposed. It will be also noted that the friction brashes on 
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the pieoes B are in a plane perpendicular to the polar line Aand 
B ; that is, at the middle or nentral points M and M\ 

Beoonsidering what has been said of the principle of the 
machine, it is easy to perceive that it will famish continnons 
currents and that the direction of the current will change with 
the direction of rotation. 

The continuity of the current manifestly results from the fiact 
that the motion productiye of electricity is continuous, and that the 
drouit is never interrupted, because the friction pieces or brushes 
commence to touch one of the pieces B before abandoning the pre- 
ceding one, and their flexible and multiple nature always causes 
them to touch in some part if not throughout their whole width. 

The intensity of the current naturally increases with the 
velocity of rotation; experiment has shown that the electro- 
motive force, measured by opposition, is proportional to the 
velocity. This observation has been verified several times in 
France and in England, and also by the inventor. 

According to the appUcation in view, M. Ghramme modifies 
his machine so as to produce efiects of tension or of quantity by 
winding the ring with fine or coarse wire; it appears indis- 
putable that with equal velocities of the ring, the tension will 
be proportional to the number of convolutions of the wire ; but 
the internal resistance increases in the same proportion, and in 
the majority of cases the best results are obtained by employing 
thick wires. It is, however, to be understood that, if the exterior 
circuit has a very high resistance, as in telegraphy, it will be 
better to employ machines with fine wire. 

Before studying the machine used for lighting purposes and 
its numerous appUcations, we will rapidly review some types of 
Gramme machines intended for other operations. 

The machines for electro-plating in use in the factories of 
Messrs. Christofie and Go., Banvier, Mignon and Bouart, 
Desclairs, Fohe, Olsanstd, Poure and Blanzy, Wohlwill, the 
' Society du Yal d'Osne,' &c., give excellent resulta 

The first machine made by the inventor himself, in 1872, 
and delivered to Messrs. Christofie and Co., at Paris, has a 
bronze base, resting on a wooden sole. Its operation lor five 
years has been to the entire satisfaction of the users. No repairs 
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have been necessary, and all its expenditure is included in the 
cost of the oil for lubrication. 

Without changing any of the electrical parts, the inyentor 
constructed, towards the close of 1872, ten more machines with 
cast-iron bases as represented in Fig. 27, and Messrs. Ghristofle 
and Go. purchased six of these machines^ which they have used 
sinoe this time in their workshops. 

These machines weigh 750 kilogrammes each, complete ; they 
have four bar electro-magnets and two bobbins. The weight of 
copper entering into their construction is from 175 kilogrammes. 
Their dimensions are 1 *30 metre in height and * 80 metre in 
greatest width. They deposit 600 grammes of silver per hour 
and necessitate, for this deposit, a force of 75 kilogrammetres 
(exactly one French horse-power). 

At the dose of 1873, M. Gramme's calculations and experi- 
ments led him to combine a new type of machine for electro- 
plating, much superior to the preceding. 

This machine (Fig. 28) has in fact only one coil instead of 
two, and two electro-magnets instead of four. 

Its total weight is 177*50 kilogrammes; the weight of copper 
on the bobbin and electro-magnets 47 kilogrammes. Its dimen- 
sions are ' 55 metre in the side and ' 60 metre in height. It 
deposits like the former machines 600 grammes of silver per 
hour. Its working is excellent in all points, as stated by Messrs. 
Ghristofle and Go. The motive force necessaiy to drive it is not 
more than 50 kilogrammetres. 

Gompared with the model of 1872, that of 1873 possesses the 
following advantages : (1) it requires only half the space for its 
introduction, (2) its total weight is reduced more than three- 
quarters, (3) the copper necessary to its construction is reduced 
nearly three-quarters, (4) it economises 3D per cent, of motive 
power. 

These improvements have been obtained by the suppression of 
the excitmg bobbin, by putting the electro-magnet in the same 
current circuit; by the better arrangement of the copper con- 
ductor both on the coils and on the electro-magnets, and by an 
increase of velocity which has no injurious effect on the regularity 
of working nor the duration of the working parts. 
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The conductor of the eleotro-magiiets, formerly made with 
ronnd wire, is now constrncted, for electro-plating macliinee, of a 
Biugle hand of thin copper, taking ap the whole width of a half- 
bar of the electro-magnet, so that this conductor consiats really 
of only fonr bands, each forming a single holiz. 



Fia. 28. Horizontal Elbctiw-platino Uachine. 

The conductor on the bobbin is composed of a very thick flat- 
wise wire, offering sufficient rigidity to resist the effects of 
cantrifngal force when the axle is caused to revolve at 500 
revolations per minnte, whilst in the old machines the velocity 
did not exceed 300 revolntions. No sparks are produced at 
the contact of the metallic brushes and bundle of condnctors 
soldered to the bobbins. Neither the ring nor the electro- 

a 2 
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magnets become heated. The brosheB are easily regulated, and 
may be withdrawn from contact even dnrmg working. 

The base has great stability ; the axle, but slighUy loaded, is 
in steel ; its bearings are of small diameter, which causes con- 
siderable diminntion in firictional work. The armatures are 
solidly fixed to the electro-magnet bars, and embrace nearly the 
whole of the circumference of the bobbin. 

The special arrangement, which consists in putting the electro- 
magnets in the circuit in order to suppress the exciting bobbin, 
has given rise to the unpleasant phenomenon of change of 
polarity during working ; M. Gramme has remedied this defect 
by a very simple and practical apparatus. 

When the machines are in motion, and their circuit is closed 
by metallic baths, the poles remain the same during all the time 
work continues, but so soon as a stoppage is made, either by 
accident or yolxmtarily, a secondary current is set up by the 
bath, as in the experiment with a Plante battery, as is well 
known. This current, traversing the wires of the electro- 
magnetic exciters, imparts to them a magnetism contrary to 
that they previously had ; it results that the remanent magnet- 
ism, which should serve as a point of departure if the machine 
were put in operation without change of conductors, gives bu 
inverse current, and the work is inverted ; that is, in the case of 
silvering for example, if a strap should come off, perhaps on con- 
tinuing to work, the objects in the bath would become desilvered. 
In order to obviate this serious inconvenience, M. Gramme has 
devised a means of cutting off the current automatically when 
the machine slackens in speed; he thus avoids secondary 
currents, which alone occasion the change of poles. When, after 
a stoppage, it is desired to continue working, it suffices to bring 
in contact with the electro-magnets a small metallic plate, termed 
a cireuU'hredkerf in order to reclose the circuit and to set the 
machine again in normal action. 

The circuit-breaker, as applied to new machines, is a small 
movable piece with a counterweight which connects the metallic 
brushes to the electro-magnets; as soon as these electro- 
magnets are magnetised, they retain the circuit-breaker in 
contact ; but when, from the machine diminishing in velocity. 
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the electro-magnets lose their atttactive power, the cotmter- 
weight remoTee the circuit-breaker, and there is no longer electric 
commnuication between the central ring and the electro-magnets. 
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No secondary corrents can arise at the moment of stopping, and 
consequently tlie poles remain onaltered. 

The constmction of machinee for experimental illnetration 
has been confided to the celebrated honse of M. Br^et, at 
Paris, who has already furnished these apparatus to many of 
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the principal labontories thronghont the world. The first type 
of tiiis appftratuB was horizontal (Fig. 26) ; it gave a cnrrent 
eqnivaleut to nearly three ordinary Bnnsen elements. This was 
replaced by a more rational arrangement (Fig. 29), which, 
inonnt«d with the excellent magnets of Aller&rt, produced the 
cnrrent cJ fire el^nenta witboat changing the bobbin. Since 
the invention by M. Jamin of laminated magneto, nearly all the 
laboratory nuu^nee have been couetructed with magnete on 
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this syBt«m. Some are tamed by a wooden handle (Fig. 30), 
others with a pedal (Pig. 31). These machines are now equiva- 
lent to eight ordinary Bnnsen elements. They admit of use in 
all the experiments of a physical conrse; electro-chemical de- 
compositions, exciting electro-magnets, exciting induction coils, 
Arago's electro-dynamic experiments, &c. 

All know that the inconvenience of monnting several Bnnsen 
elements often deters the undertaking of an experiment in- 
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tended to be of only short dnration. It may be added that the 
expense of moanting batteries ie not wholly iii6igiii£caut, whilst 
the mnscnlar force of the experimenter or of his assistants 



Fig. 31. Pedal Michcik. 



is the only expenditnie needed in the use of the (rranmte 

machine. 

BeeideB, there are some namerons adyfliitages in having at 



88 KLBGTKIC LiaHTING. 

disposal ft flouroe of electricity that may be yaried at wSi, and 
from which may be obtained by a ^ spurt/' momentarily, much 
more than is giyen at the normal Telocity. 

The application to medicine is still more easy, and time alone 
IB necessary to extend its nsage; for the Gramme machine can, 
with some modifications, be employed in all cases where electri- 
city is nsed in medicine. It can be applied to canterisation by 
means of a platinnm wire heated to incandescence. It also 
affords a means of chemically decomposing tissaes where used 
in the resolution of certain tmnonrs. It famishes a continuous 
current and may be put in motion by the patient himself. It 
can be used to excite an induction coil, and may itself be used 
to gire shocks by the simple addition of an interrupter placed 
on the axis of the ring ; indeed, the extra-current from rupture 
of the circuit furnished by this machine has a very high tension, 
and as may be easily understood, because the machine consists 
of a wire wound a great number of times on a soft iron core. 

Dr. Moret, of Paris, who has extensively studied the question 
of electricity applied to therapeutics, has declared, after having 
tried a small Gramme machine, that it united all the conditions 
wished for this employment, and that it would become finally a 
special manu&cture, and universally an electro-medical machine. 

We could not enter in detail into all the applicatioqs of which 
the Gramme machine is susceptible. M. Merle, at Alais, employs 
it for the purification of soda ; Messrs. CoUette have introduced 
it into a sugar refinery in order to withdraw the salts from the 
molasses and to collect the sugar ; M. de Meritens uses it with 
success for his improved system of tanning; M. Wohlwill, of 
Hamburg, for the treatment of copper, &c. We cite only two 
of these applications. 

M. Yilliers, director of the Mining Company of Saint-Etienne, 
Limited, has invented a method of closing miners' safety lampe, 
so that the workers absolutely cannot open them, and the 
opening can only be effected by the lamp-man who is provided 
with a powerful electro-magnet. These lamps are very simply 
constructed : they are closed with a bolt ; this bolt is placed at 
the bottom of a double cavity in the base of the lamp, so that 
the two poles of the special electro-magnet provided to the lamp- 
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trimmer can withdraw it, whilst neither the knife nor other 
process at hand to the miner can move it. This lamp has been 
in operation for several years; the lamp-trimmer's electro- 
magnet was formerly excited by a bichromate of potash battery, 
but this gave so much trouble, that M. Ghauselle, chief engineer 
to the company, suggested the use of the Gramme machine. 
The machine is mounted on a table beneath which is placed a 
fly-wheel and a pedal ; before the table are the two poles of the 
electro-magnet. The trimmer works the machine with his foot 
like a turner, and his hands are free to manage the lamps. 
Six or seven machines are in use at Saint-Etienne, and two at 
Monceau-les-Mines, at the works of Messrs. Ghagot and Go. 

To M. Lubery occurred the happy idea of employing electri- 
city to automatically stop a knitting-loom, when a needle bends 
or a thread is broken ; the application has been made to forty 
looms in the Works at Langlee, near Montargis, where a 
Gramme machine has replaced acids and batteries that gave the 
greatest trouble. For eight months the Gramme machine has 
revolved for ten hours per day at the rate of 1500 revolutions 
per minute without sensible wear. Instead of four workmen 
superintending the forty looms at Langlee as formerly, there is 
now only a man per workroom. Several millowners, notably 
those at Troyes, have also the intention of employing this im- 
portant aid to the economy of labour indicated by this trial 

The Gramme machine, like all other magneto-electric machines, 
has for its principal purpose the transformation of mechanical 
force into electricity, but it can also transform electricity into 
motive power, and serve in this case as an electro-magnetic 
machine. It suffices to put any electric source in connection 
with the metallic brushes in order to put the central ring 
immediately into movement. 

As very small motive power is equivalent to a large number 
of voltaic elements, it results reciprocally that it is necessary to 
use many voltaic elements to produce small mechanical work. 
It is this which explains the non-success of aU inventors who 
have sought to produce motive power by electricity. 

The continuous-current machine having neither crank nor 
dead-point, is eminently adapted for experiments on the tran£h 
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fonnation of electricity into work, and it gives very high naefal 
effect, 88 the following shows. 

The inventor made (before ns) the following experiment : A 
magneto-electric machine received motion from a steam motor, 
and required for its working an expenditure of force eqnal to 
75 kilogrammetres measured by the brake; the electricity 
produced was conveyed to a second machine, which, also mounted 
with a Pron/s brake, gave 39 kilogrammetres, that is to say, 
a little more than half the primary power. ^ the electricity 
passes through two machines, or, which comes to the same, as 
there was a double transformation of work into electricity and of 
electricity into work, each machine, although it had not been 
constructed for this purpose, had an efficiency superior to 
70 per cent. 

We have repeated the experiment with other electric motors, 
and we have never obtained an efficiency higher than 20 per 
cent. The Gramme machine is certainly the most perfect motor 
that has ever been constructed. 

By means of two Gramme machines, motive forces could be 
very easily transmitted to great distances, and at the Philadelphia 
Exhibition there was shown a Neut and Dumont's centrifugal 
pump worked by a Gramme machine, which received electricity 
from a second machine actuated by a motor ; but this is a new 
branch of application which has not been sufficiently studied to 
be considered as absolutely practicable from an economical point 
of view. It is a grand idea, which has only to ripen in order to 
open new horizons to a host of industries. 

Like all great inventions, the Gramme machine has given rise 
to several claims for priority, and has immediately found imi- 
tators, more or less honest, and more or less happy. Of the 
latter we have nothing to say, because they have to the present 
done no good, and it is useless to publish their names, but we 
cannot pass ia silence the claims of Messrs. Worms de Bomilly 
and Pacinotti, which have been addressed to the Academy of 
Sciences. 

M. Worms de Bomilly constructed, in 1866, an analogous 
machine to that of M. Gramme, but instead of winding the 
copper wire on the iron ring always in the same direction, 
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M. Wonns wound his partial bobbins in different directions ; he 
was then compelled to redirect the currents produced. 

M. Pacinotti constructed for the University of Pisa, in 1861, an 
electro-motor machine that was shown in the Vienna Exhibition 
of 1873, which is identical in principle with that of M. Gramme. 
M. Pacinotti eyen points out in the * H Nuoyo Gimento' 
for 1864, that by reversing the operation of his machine, a 
magneto-electric apparatus could be obtained ; only the design 
and the construction of this machine are so defective that it 
has never given good results, nor led to the supposition that its 
principle was superior to that of all other machines. It needed 
the appearance of the Gramme machine, in 1871, to remind 
M. Pacinotti of his idea, and to bring forward his claim, other- 
wise very just, from a scientific point of view. 

M. Figuier relates, in 'Les Merveilles de la Science,' how 
eighteen years before the celebrated experiment by (Erstedt, 
relative to the influence of an electric current on a magnet, 
Bomagnesi had remarked that galvanism deflected the magneiio 
needle^ but no one then, neither Bomagnesi nor contemporary 
physicists, foresaw the immense consequences of this discovery, 
whilst the labours of (Erstedt revolutionised the scientific 
world. 

We add, with M. Figuier, that it is not rare to find in the 
history of sciences, analogous facts ; great discoveries are some- 
times, so to say, in the atmosphere, before a man falls in with 
them who comprehends their bearing and renders fecund the 
germ long since created. 

Besides, it does not appear that M. Pacinotti had the first idea 
of circular electro-magnets ; Dr. Page, of Washington, had, in 
1852, constructed a motor which differs very litfle from that 
from Pisa, and which, far from being a simple laboratory instru- 
ment, was adapted to a locomotive, which it worked very badly 
it is true, but stiU worked. 

It is not to be contested, that if the magneto-electric machines 
giving continuous currents now render immense services to 
electro-plating, to chemical decompositions, to lighting, and a 
multitude of other industries, this is really and solely due to 
the labours of M. Gramme. This inventor has, indeed, realised 
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industrially a principle pointed out by another physidst, a prin- 
ciple which had never been mentioned in any French, English, 
or German publication, and of vrhich so littie was known in 
1869 that it was necessary that M. Gramme shonld again 
make the discoyery in order to put it in practice. 

M. Padnotti, whose merit we do not in any way contest, 
sought to conyert electricity into motive force, whilst M. Gramme 
occupied himself with the inverse problem. The views of the 
former were without horizon, limited to a path already found 
useless by many inventors ; those of the other were immense, and 
fecund in useful applications. And it is precisely this difference 
in the end to be attained which is the cause of the failure of the 
labours of M. Pacinotti, while the Gramme machine commands 
public attention throughout the world. 
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CHAPTER VL 

GBAMME MAOmi^ES FOB THE ELEOTBIO LIGHT. 

Vertical Machine with Six Bar Electro-magnets and Three Bobbins— Hcni- 
zontal Machine with Four Electro-magnets and one Double Bobbin — 
Comparison between an '* Alliance " Machine and a Gramme Machine, from 
the triple point of yiew of Weight, Displacement, and Price— Normal 
Type Workshop Machine— Photometric Measures — Difference between 
Measures taken at different Angles — Luminous Intensity from a Workshop 
Machine. 

• 

The production of the electric light requires a cnrrent of mnch 
greater tension than that used in galvanoplastio applications ; 
alsOy instead of copper wires of large diameter or of thin bands 
of great width, M. Gramme has constructed machines with wire 
of small diameter, and he has considerably increased their velo- 
city in order to resolve the problem of electric lighting. This 
high tension has been one of the most serious dijficnlties that the 
inventor has had to encounter in his practical studies ; and it is 
only step by step, as the result of numerous tentative efforts, 
that he has arrived at a proper solution. 

The first light-machine constructed by M. Gramme fed a 
regulatoi^ of 900 Garcel burners ; its total weight amounted to 
1000 kilogrammes. It had three movable rings and six bar 
electro-magnets. One of the rings excited the electro-magnet, 
the other two produced the utilisable current. The copper 
wound on the electro-magnets weighed 250 kilogrammes ; that 
of the three rings 75 kilogrammes. The space necessitated was 
0*80 m^tre length by 1*25 metre height. 

This machine, which served for a long time for the experi- 
ments on the clock tower of the Houses of Parliament at 
Westminster, became slightly heated and gave sparks between 
the metallic brushes and the bundle of conductors on which the 
current was collected ; this has, however, during five years, not 
given rise to any serious inconvenience. 
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Attempting better conditions, M. Gnunme has alwajrs sought 
to sappresa tiiese sparks and the heating of the machine, and, 
as the intensity of the light then demanded by several govern- 
ments did not exceed 500 bnmers, he was enabled to rednce the 
dimcnaiona of the ptimitire apparattifi. 

We represent (Fig. 32) the first transformatbn. The 
machine has six bar electro-mt^nets ; bat, instead of being 
gronped on two ri^t lines, these bars are grouped in triangles. 



Fia. 33. SODO-BntNER Macbikb (lasanCDtSAj. Suction). 

Two rings admit of conveying the total current into the electro- 
magnet, or of magnetising the electro-magnets with one of them, 
or of producing two separate lights. 

This machine weighs 700 kilogramnieB : its height is 0'90 
m^tre ; its width - 65 m^tre. The weight of copper wound on 
the electro-magnet bar is ISO kilogrammes, that of the two rings 
40 kilogrammes. It prodncee a normal light of 500 bnmers, 
which may be raised in ezperlmenta at great velocity to nearly 
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one beside the otber, and these two bobbinB may be connected in 
tensioii or in qiiaatit;. Conpled in tension, tliej gire a Inmi- 
nona intensity of 800 Garcel bomers at 700 rerolntionB per 
minnte ; oonpled in qnantity, they give 2000 Gaicel bomen 
with 1850 levolntions per minnte. 



Fio. 84. 3000-BcBHBB MixianiE (Tebtical SEonoK), 

This type of mochiite has been adopted by the Ministry of 
Wsi in France, fay the Anstrian navy and artillery, by the 
Norv^ian and by the l^irkish GoTermnents, Ac. "Wbeaxiyer 
iuttodnced it has givrai good reeolts. 

Comparison mmply will lead to the appreciati(»i of the peifec- 
tioii to which M. Gramme has in a few years carried magneto- 
electric machines for the production of light. 

The " Alliance" machines, with six discs, intiodnoed at the H^ 
Lighthouse, are 1*60 mitre in lei^th (piiUey included), 1-80 
mitre in width, and 1 ' 60 mMre in height. Their weight is 
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abont 2000 IdlogramxneB. Their cost k 12,000 francs (==4802.) 
eacL Thdr lominona intensity is 250 bomers. 

By considering the Gramme machine with four bar electro* 
magnets, and the ** Alliance ** machine of six discs, as both giving 
a lighting power of 100 Oarcel bomers, it is to be found that : 

The ''Alliance ** machine has a weight of 800 kilogrammes, a 
Tdmne of 1 * 20 m^tre cube, and costs 4800 francs (192Z.). 

The Qiamme machine weighs 20 kilogrammes, is of 0*12 
oabic m^tre yolmne, and costs 300 francs (127.). 

That is to say, the Gramme machine is 40 iames more adyan- 
tageons as regards weight, 100 times as regards yolmne, and 16 
times as regards cost.* 

By simplification upon simplification, the inyentor has been 
enabled to introdnce for industrial purposes a type of two-bar 
ynftAliinfl using ouly one central ring. 

Fig. 85 represents the type definitely adopted for workshops 
and large coyered spaces. 

This machine weighs 180 kilogrammes, its height is 0*60 
mbtre, its width is * 35 m&tre, and its length, pulley included, 
0*65 metre. 

The base weighs 120 kilogrammes, and is of 0*40 mfetre 
height. 

The copper wound on the electro-magnet bars weighs 28 
kilogrammes, of which the ring weighs 4^ kilogrammes. 

With so little copper and a yelocity of rotation not exceeding 
900 revolutions per minute, 1440 Garcel burners' light is 
obtained at a certain angle without any shade or projector, the 
axes of the two carbons being exactly in the same plane. 

Before proceeding fisirther it is necessary to giye some expla- 
nation of the method of taking photometric measurements, when 
comparison is made of the lighting power of an electric lamp 
and of an oil lamp. 

When, to produce the electric light, a machine with alterna- 
ting currents is used, the two carbons are nearly equally 

* The oompftriflon is made with the machines set np at Hayre ; it is possible 
that the ** Alliance " machines have, since their introdnction, been somewhat 
impToved ; bat on the other hand, M. Gramme constructs a machine of 5000 
burners, much more advantageous firom the triple point of Tiew of weight, 
Tolmne, and price. 
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consumed. The best method then of eyalaating the light is to 
place the two lamps and the photometer on the same horizontal 
line, because there is nothing to hide the flame of the oil lamp 
nor the electric focus. When two lamps are brought into use, 
there is much less light, but the ratio of the two sources remains 
very nearly the same. 

On the contrary, in working with a battery or with a con- 
tinuous-current machine, like a Gramme machine, the upper 
carbon becomes hollowed out and the lower carbon pointed; 
measurements taken horizontally cease to be exact, becaxise the 
voltaic arc is partly situated in the small cavity of the upper 
carbon. It then becomes necessary to place the lamps at heights 
corresponding to those they will occupy in the localities in which 
they are to be used, and to take photometric measurements by 
inclining the photometer. The intensities varying with the 
distance at which Ihe electric focus is situated, it is necessary to 
make a series of experiments when it is desired to accurately 
determine the lighting power of a machine. Practically, 
measurements may be made horizontally, taking care to incline 
the lamp at several angles, and to return the carbons vertically 
after each test. (This last precaution is requisite to prevent 
the carbons taking a bias ; the arc always tends vertically.) 

Sometimes the lamp is to be arranged in such a manner as to 
send all the light in front of it. For this it is sufficient to place 
the positive carbon sUghtly behind the negative carbon (their 
axes, for example, being apart by 0*003 m^tre). The negative 
carbon continues to become pointed, but the positive carbon is 
burnt obliquely and forms a screen to the back of the focus and 
a reflector to the front. This artifice, which admits of the 
doubling of the effects of a projecting apparatus, is impossible 
with alternating-current machines, because these lamps have 
really no carbon that is especially positive or negative. 

Although industrially it may be desired to know the intensity 
obtained with one or several apparatus, there is, however, little 
attention given to measurements taken horizontally in the labora- 
tory, the question being the evaluation, as closely as possible, of 
the light utilisable. To this end we shall always, when defining 
the power of a machine, suppose the focus to be at five metres 

H 2 
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Vio. 35. WOBKHHOP Machine (Nobiui. Typa]. 
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height and the observer at 20 metres in plnmb-line from the 
lamp. 

The following Table indicates the resnlts obtained with a 
Gramme machine, of normal type, a Serrin lamp, and Gandoin 
carbons (No. 1). 

The motive power employed did not exceed two H.P., or 150 
kQogramm^tres, when the machine was making 820 revolutions, 
and three H.P. when making 900 revolutions. The electric 
lamp was placed at 25 to 200 metres from the Gramme machine 
feeding it. 

Luminous Intensities fbou a Gbammb Machine (Workshop type). 



Nmnberof 

BevolotloiiB 

of Machine 

perMinata. 


Distanoe of 

the Ohserver 

firom the Lamp. 


Heleht of 
the Lamp. 


Nnmber of 

Garoel 

Barners. 


Remazka. 




Mitres. 


Metres. 






820 


46-00 


5 


808 


The distance apart of the 


820 


22-50 


6 


450 


carbons was not kept 
at 8 mm., because the 


820 


10-00 


6 


515 


820 


6-00 


5 


600 


tension of the current 


820 


2-50 


6 


612 


was too feeble. 


870 


45-00 


6 


400 


Good tension; distance 


870 


22-60 


5 


550 


apart regularly 3 mm. 


870 


10-00 


5 


810 


Working satisfactorily. 


870 


600 


6 


1100 




870 


2-50 


6 


1130 




920 


45-00 


5 


452 


Too great tension. The 


920 


22-50 


6 


704 


carbons heat for con- 


920 


10-00 


5 


1207 


siderable length. The 


920 


500 


6 


1420 


light is not steady. 


920 


2-60 


6 


1440 





The intensities, measured horizontally with the lamp, elec- 
trical focos, and photometer in straight line, have for mean : 

203 burners, with a yelocity of 828 reyolutions. 
296 „ „ „ 870 

403 « „ „ 920 
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These resnlts in the Table have not been obtained with a 
spedally selected machine, but with seyeral machines manufietc- 
tured by Messrs. Sautter and Lemonnier and by Messrs. Mignon 
and Bouart. The intensities observed haye not perceptibly 
varied, and did not in any case &11 below 800 burners at 
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45 m^tree distanoe from the regulator, or below 200 btim^rs 
when the lamp, the regulator, and the photometer were placed 
horizontally in a straight line. 

The mean of the light expended osk a snrfieuse of 500 square 
metres was 500 Caroel bomers; at twenty metres from the 
electric lamp the light equalled that from an oil lamp, with one- 
inch wick, at one m^tre distance; at fiye metres the light 
corresponded to that of an oil lamp at * 55 metre. 

The motive power employed in these experiments did not 
exceed a half-horse power per 100 burners. The comparison of 
these figures with those obtained by M. Tresca, M. Hagenbach, 
and M. Schneider, shows the progress realised in this matter by 
M. Gramme in a single year. 

By using an analogous machine and replacing the exterior 
resistance of the conducting wire by that given from galvanic 
baths, M. Gramme has obtained a relatively very considerable 
deposit of copper without diminution of the electric light. We 
note this remarkable &ct without comment. A communication 
to the Academy of Sciences will shortiy be made analysing the 
causes and importance of this point. 

M. Gramme constructs a new type of machine, smaller than 
the preceding, the lighting power of which we have not yet 
measured. 

We have still to mention a machine, intended to be exhibited 
in 1878, which will give the greatest luminous intensity with 
smallest motive force that has ever been obtained ; a machine 
with multiple pMes, intended to produce simultaneously several 
foci ; but the cost will doubtless be higher than that of single 
machines giving the same total light ; and a machine of eight 
poweirful lights, made to order, and aaranged for alternating 
currents. 

M. Gramme, before his invention of a continuous-current 
machine, had deeply studied machines with alternating currents, 
and in his patent of 26th February, 1867, is to be found liie 
first indication given in France of the possibility of interposmg 
electro-magnets in the circuit of the coils. 
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CHAPTEB VII. 

INDUSTRIAL APPLICATIONS. 

Necessary Conditions for nse of the Electric light — Spaces Lighted by one 
Machine — ^Introdnction in the Workshops of the Inventor — The Dncom- 
mon Establishment at Mulhouse — Santter, Lemonnier, and Co.*s Work- 
shops at Paris — Menier's Factories — Introduction in Spinning Mills — 
Chapelle-Paris Goods D^pot — ^M. Jeanne Deslande's Yards at Havre-n- 
Luminous Ceiling — ^Month of the Mame Canal — Lighting a Skating Bink 
— ^Various Applications. 

LiaHTiNa by electricity may be advantageously employed in a 
large number of works. It offers no practical inconvenience and 
admits of obtaining a great quantity of Hght at small expensa 
It is the only industrial illumination with which there can be 
executed by night as by day^ the loading and discharging of 
cargoes, the mounting of machinery, carpentry, weaving, &c., 
and easy superintendence in a workshop attained. The light 
produced is in such abundance that, reflected from all the objects 
it Mis upon, it is diffused in all directions like daylight ; there 
is no part absolutely dark ; it can be read by, and tools found 
by it, &c. 

In spite of the luminous power of a focus, if work of a certain 
«5curacy is to be done by it, it is indispensable to have two 
inachineSy.so that the shadows produced by one light may be 
illuminated by the other ; but then the extinction of light in 
each lamp necessary at the end of three-and-a-half to four hours' 
illumination is not a serious inconvenience; two minutes are 
sufficient to replenish the carbons in the lamp and to relight 
them, and during this short interval of time, the light from the 
other lamp prevents interruption of the work. Besides, if 
it is indispensable to have absolute continuity, there should be 
added to each lamp another for interchange, the lighting of the 
second lamp occurring automatically by the extinction of the 
first; but in practice this is not generally necessary* 
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Experienoe has diown that workmg by the naked electric 
light is not £Bktigamg to the eyes ; after for some days tudng 
opal globes to temper the light, these were remoyed at the 
request of the workmen* The redaction of the light is nn- 
neoesrittk^y* 

It is generally known that the electric light presenres the 
tints of coloniB. This property has been utilised with snccees 
by seyeral dyers for standardismg their colours by night; a 
single Imninous f ocns of the yery smallest dimensions is sufficient 
in this case. 

When the ceilings are at less height than four metres, the 
introdnctioQ of the electric light becomes more difficult, without, 
howeyer, being absolutely impossible. 

Generally, there may be conyeniently lighted with a single 
apparatus, 500 square metres of fitters' shops, lathe-shops, tool- 
shops, modelling-rooms, ftc. ; 250 square metres in a spinning- 
mill, wearing establishment, printing-rooms, &c., and 2000 
square metres of yard, court-yard, dockyard, quay, and <q)en-air 
works, Ac. With these data, it is easy to calculate the cost of 
introduction anywhere, knowing that a complete apparatus, 
lamp, machine, ccmducting wire, transport and mounting, costs 
about 2400 francs (= lOOZ.) in France and its frontier 
countries. 

Manu&cturers who pay only * 30 franc per cubic m^tre, and 
find their establishments sufficiently lighted with twenty gas 
burners, should not seek a more economical light, unless they 
work all night without interruption ; in which case it would be 
to their interest to replace ten gas burners by an electric 
apparatus. 

The two questions to be examined are the cost price and the 
conyenience. The second is often neglected, but this is wrong ; 
because in the majority of cases, it is of the greater importance. 
We haye had occasion to yisit a large number of works, &ctories, 
and manu&ctories of all kinds in Europe and in America, and 
we haye seen but few well-lighted establishments; few where 
a single more intense light would not haye giyen easier superin- 
tendence, greater amount of work^ and greater security. Fire 
insurance companies haye so important an interest in the intro- 
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dnction of the electric light, tiiat several have oflEered to lower 
their tariff for aU buildings thus lighted. 

A rapid review of some introductions already made will lead 
to better appreciation than any possible reasoning as to the 
advantages of electricity. 

Thb Grahidb Company's Wobkbhops. 

The first permanent introduction of the electric Ught was 
realised in 1873^ at Paris^ in the workshops of the Gramme 
Company. The light was fdrnished from a idngle focus, which 
took the place of twenty-five gas burners. For four years its 
use has been regular and the cost price has not exceeded * 60 
franc per hour, including all expenses. The space lighted is 
about 12 metres by 12 metres and 5 metres in height. 

Thb Duoomuuk EsiABLismiENT at Mulhousb. 

In consequence of a visit to the Gramme workshops, Messrs. 
Heilmann and Steinlen, the present proprietors of the Duoommun 
factories at Mulhouse^ decided to apply this new method of 
lighting upon a larger scale. For this purpose they placed in their 
iron foundries four Serrin lamps fed by four Gramme machines* 
The trial was crowned with success; during three years *the 
working of the apparatus has been regular, and Messrs. Heihnann 
and Steinlen have the intention of extending this system of 
lighting to several other buildings. 

The Ducommun foundry is of recent construction. It is well 
arranged for electric lighting without in any way being specially 
intended for this purpose. (The construction was entirely 
finished when it was decided to introduce the electric light.) It 
is a large hall without partition walls or vertical screens, of 
56 metres interior length and 28 metres width. Two large 
travellers for the manipulation of castings and crucibles circulate 
from one extremity of the building to the other. At 5 * 5 metres 
from the floor, level with the travellers, running along the two 
longitudinal sides, is a platform of some metres width. The 
roof is a doable incline, the joinery of which is slight, and the 
walls are lime-washed. 
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The Setrin regnlaton aie placed on two light siands jntting 
oat laterally from the platfimna AooesB k gained to them by 
a ladder, as with public lamps in gas lighting. The foci are 
raised 5 metres above the floor; they are 21 metres apart in the 
direction of the length of the boildingi and 14 m^toes in the 
direction of the widtL 

The Gramme machines are placed in the engine-house with 
the machine employed for ventilation. The motor being larger 
than roqnired for the work, alteration was mmeceBsary, and the 
ventilator and the electric apparatus are actuated simtdtaneonsly 
without inconvenience. The introduction has been very simple* 
The Gramme machines are placed on the first floor in one line, 
and they receive motion from a single intermediate shafting. 
All the parts are easily accessible, and the maintenance, which is 
rednced to some precautions in cleaning, can be effected during 
working, as well as when the machines are at rest. The motor 
is of the Sulzer type, its working is very regular, and the con- 
sumption of fdel small. 

llie lighting is generally constant in intensity ; at any point 
of the place it is easy to read writing at normal distance from 
the eyes. There are nearly no shadows, becauseof the cross rays 
from the four lamps. 

The complete introduction cost, in round numbers, 10,000 
francs ( =: 4007.) ; which is about the cost of introducing 
250 gas burners. The total light produced by electricity 
exceeds 400 burners. 

We presently give the results of experiments made by Messrs. 
Schneider and Heilmami on the motive power absorbed by the 
machines, the lighting power of each lamp, and tfaie cost of 
electric lighting as compared with gas lighting. 

Messrs. Heilmami and Steinlen have obtained from the 
Gramme Company the right of manufEu^turing machines of a 
given type, and they have studied several arrangements to 
facilitate the use on ships and in war manoeuvres. Fig. 86 
shows one of these arrangements. It is a Gramme machine 
placed on the same sole as the steam motor and intended for 
introduction into sugar-refineries, on board ships, especially 
where steam is furnished by ordinary boilers, and where the 
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motor of the electric apparatus may be independent to ensure 
regularity. 

To avoid all vibration, the sole is large, rigid, and well set. 
The total volume does not exceed 2*25 cubic metres on 1 metre. 
All friction bearings are calculated for durable service. The 
shafting of the steam-motor makes 150 revolutions per minnto ; 
that of the Gramme machine 850. 

A rider, placed under the electric machine, admits of drawing 
it fEirther from the motor when the belt has not suj£cient 
tension. This is an excellent means of preventing slipping of 
the belt, and consequently of ensuring regular velocity of the 
coil, but its use needs considerable care ; an exaggerated tension 
of the belt absorbs much work and occasions greater incon- 
venience than the slipping itself. 

The cost of the complete apparatus, motor and electric gene- 
rator, is 4000 francs ( = 160/.). 

Sautteb^ Leuonnieb, and Go.'s Workshops at Pabis. 

Electric lighting is an important feature in the workshops of 
Messrs. Sautter, Lemonnier, and Co., the well-known makers of 
lighthouse-lenses, because no one than the members of this fiim 
is more f&miliar with the use of strong electric lights, and, from 
the time of M. Gramme's first attempts, they asked and obtained 
authority to construct machines upon his system. 

Its introduction into their workshops admitted that they 
could convince themselves and demonstrate to visitors that this 
method of lighting was excellent &om all points of view, and 
that under certain conditions of local arrangements and for 
certain kinds of work, it is to be preferred to all others. 

The Sautter and Lemonnier workshops consist of two 
buildings, each 80 metres in length by 25 m^res in width ; 
a platform, at 6 metres £rom the flooring, runs between these 
buildings, with a width of 10 metres. On the ground- floor are 
the machine tools, lathes, planing machines, drills, punching 
machines, shears, forges, &c. ; the fitters there operate upon the 
larger work, and mount machines, &c. On the first floor are 
the model-makers, tinmen, and bronze-work fitters, with finer 
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apparatus ; three Ghramme machineB, giving each a light equiya- 
lent to 150 Garcel biimerB» iUmninate the shops so effectually 
that all other methods of lighting haye been remoyed, as well 
for operators with machine tools as for those doing finer work. 

It might easily be imagined that in a shop of this kind the 
shadows thrown by the lathes, belts, and colnmns would be of 
great inconyenience to the work, and that especially where the 
light does not fsXL directly, the contrast would make the obscu* 
rity appear greater than with another method of lighting. This 
is not so. The light difiused, or, in other words, the light 
reflected by all points illuminated is such that there is not, 
properly speaking, at any part of the workshop a dark oomery 
and that the workman may easily distinguish objects at the 
bottom of his drawer. 

The electric light, no more than any other, neither injures 
nor &tigues the sight of the workmen ; they lose in a few days 
the habit of looking at it, and are yery satisfied with a method 
of lighting that renders nightwork as easy as work by day, 

A still stronger reason may be giyen with regard to superin* 
tendence, which can be exercised by night in a workshop lighted 
by the electric Ught absolutely as well as by day. 

Intermittences are not to be feared, and this is the case in 
eyery workshop lighted by at least two lamps. When these lamps 
are well regulated, accidental extinctions are yery rare. At the 
end of four hours' illumination, it is necessary to replace the car- 
bons, and this operation is performed in two or three minutes. 

Messrs. Sautter, Lemonnier, and Co. haye found that each 
Gramme machine consumes work equal to about 2-HP; this 
and the carbons for the lamp form the only expenditure for 
lighting. The carbons are consumed at the rate of * 07 metre 
per hour, and cost 2 francs per metre. 100 Garcel burners pro- 
duced by this machine cost * 14 franc per hour, in addition to 
the cost of motiye power. 

Fig. 87 is a yiew of the Sautter and Lemonnier workshops 
lighted by electricity. The engraying shows the whiteness of 
the ceiling and the uniform intensity of the lighting. It giyes 
as exact an idea as possible of the remarkable effects of the 
yoltaic arc in a dosed and coyered space. 
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Ml^NIEB WOBES. 

M. M^nier has introdxiced the electric light in his various 
establishments, and has made good use of it in several particular 
arrangements. Since November, 1875, 14 machines, of 150 
burners, have been in nse, entirely to his satisfia.ction : 3 are set 
up in the sugar refinery at Boye, 8 in the caoutchouc factory 
at GreneUe (Paris), and 8 in the celebrated M6nier Chocolate 
factory at Noisiel. 

In all these works, the lamps are so suspended as to admit of 
the renewal of carbons when necessary, without use of ladder or 
steps. / 

The roller represented in Fig. 88 is the invention of M. Henri 
Menier. It consists of two cast-iron cheeks mounted on a hard- 
wood slab, and of a drum of vulcanite. The conducting wires 
are attached one to the left cheek, the other to the right cheek, 
and these communicate metallically with the extremities of the 
suspending cable. 

This cable is formed (Fig. 89) of an exterior covering of hemp, 
of a sheathing of caoutchouc, a series of copper wires braided like 
a wick, of a second sheathing of caoutchouc, and finally of a 
series of copper wires stranded into a cord, and forming IJie core 
of the cable. The winding on the drum is easily effected. A 
small ratchet prevents the lamp descending by itself. 

The cable, sustained and guided by two upper pulleys, is 
attached to a small plate which is connected to the lamp by two 
curved bars (Fig. 40). A frame, mounted with two lugs, is 
fixed to the lamp, and receives the extremities of the curved 
bars. 

The current is led to the terminals of the lamp by the sus- 
pension bars, one of which is connected to the metallic core of 
the cable, and the other with its intermediate metallic part, that 
is to say, with the positive and negative poles of the magneto- 
electric machine. 

The Noisiel works are lighted all night. The eight machines 
are coupled in two batteries of four. They are put in motion by 
hydraulic wheels, and, if necessary, when the waters are low, by 
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a special steam motor. The wires are led to a commutator 
placed on the ground-floor (in the centre of several workshops), 
which admits of sending the current from each machine in fifteen 
different directions. By this means a room can be lighted by 
any machine, and the inconvenience arising from one of the 
machines or lamps getting out of order is entirely avoided. 

Near each lamp is an interrupter, with which the lamp may 
be extinguished without stopping the motion of the machines. 

At Noisiel the luminous foci are thus distributed : 

A lamp placed in a square lantern and elevated 7 metres 
above the level of the steam motor, lights a principal yard of 
2000 square metres surface. 

Two other lamps each light an interior yard of 500 square 
metres. 

The torrefaction shop, where 82 operators work, is 44 metres 
long, 11 metres wide, and 7*70 metres high; it is lighted 
by a single lamp placed in a glazed lantern on the ground, at 
one of the extremities of the workshop. The light i^ projected 
on to the ceiling by a parabolic mirror, inclined somewhat, and 
is thus difiused throughout by reflection. The weighing and 
moulding shop, where are 90 workmen, is 52 metres in length 
by 11 metres in width, and 7 • 70 metres in height. It is lighted 
by two lamps placed at 25 metres distance from each other, and 
suspended at 6 metres from the ground. 

The mechanics' shops are of 400 square metres surface ; these 
are lighted by a single lamp, suspended 6 metres from the 
ground. 

The grinding shops, which are 40 metres long, 12 metres 
wide, and only 3 • 60 metres high, are lighted by reflection. 

M. Menier possesses, undoubtedly, the best system of electric 
hghting that exists in the world. He can, vnthout any derange- 
ment, lead this light into his residence and light the hall, the 
large dining-room, the two drawing-rooms, the winter garden, 
and the gardens. 

One lamp is specially intended for photometric projections 
and for scientific demonstrations in the lecture and conference 

halL 

On the occasion of the first distribution of prizes from the 

I 
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School of IndnBtry, M. M^nier gave, 20th Augnst, 1876, a 
banquet of 1450 oovera in a tent 65 metres long, 32 • 50 metres 
wide, and 7 metres high. The banquet and the ball that 
followed were lighted in a £»iry-like manner by six regulators 
of 150 burners. A lighthouse of 1200 burners, placed at some 
distance from the tent, illuminated the country for a radius of 
more than a kilometre. 

At the central sugar-refinery at Boye, M. M&iier has set up 
three Gnunme machines with similar arrangements to those 
adopted at NoisieL The first of these machines lighted the 
'' carbonatation " room, which is 45 metres long, 20 metres 
wide, and 15 metres high ; the second is placed in the middle 
of the principal yard, where are the lime-kilns, stables, coal- 
sheds, &c.; the third lights the beet-root receiving depot and 
washing-rooms. 

At Gxenelle, the caoutchouc factory has its large hall, 
where 150 persons work, lighted by three regulators suspended 
in a triangle at 6 metres from the ground. The hall is 
47 metres long by 41 metres wide. The machines are worked 
sometimes by the general motor, sometimes by a small special 
machine. 

The three electric lamps replace 259 gas-burners, and pro- 
duce, according to M. M^nier, five times more light than gas 
giyes. At Grenelle, as at Noisiel and at Boye, the same system 
of raismg the lamp by a cable with two conductors and the same 
arrangement of commutator is employed. 

SpiNNiNa MiLLa 

Among the introductions of the electric light into spinning- 
mills may be mentioned those of Madame Dieu-Obay, at Daours ; 
Messrs. Bicard and Sons, at Manresa, Barcelona ; and those of 
Messrs. Buxeda Brothers, at Sabadell, Spain. 

1. Madame Dieu-Olay'a MiUs, — The workshop is 3*70 
metres high, 43 metres long, and 11 metres wide. It includes 
nine double looms, with thirty needles, and seventeen spinning- 
mills, with fifty-two jockeys. Fifty persons, workmen and 
women, are employed. 
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The light is ohtained by two Qiamme machines worked by a 
hydraulic motor^ which also actuates the looms. 

The lamps are suspended at a height of about 2 metres, 
and these are each furnished with a large lamp-shade reyersed* 
This shade projects the luminous rays up to the ceiling, and 
these rays are thus dispersed in all directions. The focus is not 
visible^ and consequently the sight rests on strongly illuminated, 
but not on incandescent, sur&ces. 

It has already been stated that the same artifice has been 
Employed with success at M. M^nier's at NoisieL The only 
special arrangement at Daours is in the height of the lamps, 
which is nil at Noisiel and mid-height at Daours. The result is 
very good in both cases. 

Wherever there is a very white ceiling, and at a height of 
at least 4 metres, there is an advantage in employing reflected 
light instead of the direct light. 

2. Messrs. Bicard and 8(m*s Cotton Mills, — The first floor of 
these mills is 33 metres long by 21 * 20 metres wide. Two 
lamps Ught ten self-acting machines. The Cbamme machines 
are placed at the end of the workshop and are actuated by the 
general motor with an intermediate shafting. The height of 
the lamps is 3*40 metres and their relative distance 15 metres. 
We represent this arrangement (Fig. 41) because it is made 
under the very un&vourable condition of lowness of ceiling; 
it is the possible limit for good results, which it is requisite to 
exceed to preserve to the electric Ught all its advantages. 

The second floor, the part occupied by the looms, is 16 metres 
long by 21 * 20 metres wide. A single lamp suffices. There are 
here five self-acting mules working all night, like those of the 
first floor, since May, 1876. The proprietors are very satisfied 
with their lighting. 

3. Linen Looms and MUls (Messrs. Buxeda Brothers). — The 
room lighted electrically at Messrs. Buxeda's works is 58 metres 
long by 22 metres wide. It contains thirteen spinning-machines, 
twelve carding-machines, one loom, and some accessory machines. 
The lamps, tlu*ee in number, are suspended at a height of 4 * 20 
metres, and distant from each other 13 metres. There are four 
workmen to each spinning-machine, three to each grpup of two 
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oaiding-machines, and ten to the aooesBory apparatus ; in total, 
eighty workmen in the same room. 

With gas lighting certain nvork oonld not be done at night, 
because of the differences obseryed in the colours ; now work is 
carried on night and day without stopping and without the least 
inconyenience in spite of the cdonr-tints. 

The introduction at Messrs. Buzeda's was made six months 
ago (1877). The better quality of the products fully compen- 
sate the expenditure of motire power. The lighting itself is 
much more economical than that with gas or petroleum. 

Ghapelle-Pabis Goods DEPdr. 

In consequence of experiments made in 1876 at the railway 
station in Pftris, the Northern Bailway Company decided upon 
the application of the electric light in the goods depot, where 
work IS going on all night. As it was necessary to establish a 
complete works, including building, motor, transmission, and 
the Ctramme apparatus, it became more economical to light 
during the whole night, so that the interest upon expenditure 
might be spread oyer a great number of hours. 

The spaces lighted included: 

1. A hallf 70 metres long by 25 metres wide and 8 metres 

high; 

2. A shed, 70 metres long by 15 metres wide and 8 metres 

high; 

3. A yard, 20 metres wide, separating the hall from the 

shed. 
The hall is lighted by two lamps placed on the diagonals, and 
consequently unsymmetrically, which is yery adyantageous for this 
purpose. The lamps are eleyated to 4 * 5 metres ^m the ground 
and are enddsed in large square lanterns. The glasses of these 
lanterns are painted with zinc-white at the lower part, and to 
such a leyel that from no point in the hall can the eye perceiye 
the yoltaic arc and be thus affected. The upper part, on the 
contrary, is left clear, and the top of the lantern is not eyen 
glazed, whence it results that the upper luminous rays strike 
without any obstacle upon the cdiling and sides of the hall, 
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thickly lime-washed, and are reflected as a soft and very tiniform 
light. 

The lighting of this hall ivas the principal object in view. It 
is yery powerful, and this is necessary because of the keeping of 
small bales amongst the large, and of the nmnber of tickets to 
be read. Writing is also necessary, to record the movement of 
the goods, which, arriving, are distributed and finally loaded 
into waggons bronght np to the side of the depdt. 

Everywhere in the depot there is good light ; in the office, 
the most distant parts of the space lighted, ilie small passages 
arranged between the volmninons bales, and despite their nmn- 
ber ; even in the bottom of the covered waggons which are load- 
ing there is sofficient light. 

From a docmnent which has been obligingly oonminnicated 
with the authorisation of M. Sfeuidanx, engineer to the Company, 
we extract the folbwing : 

''The lighting has been in operation since the 17th of 
January, 1877, with a daily dmution of fifteen and a half 
hours as a mean for the first months, and variable with the 
season. 

''The great light difiused in the hall admits of the work 
being effected with greater celerity and less men. The economy 
in staff is valuated at twenty-five per cent. 

" Every official has no longer need to carry a hand-lantern in 
order to search for the bales, decipher the addresses and marks, 
and read the lading-bills. The work is carried on at night 
nearly under the same conditions as by day. 

" We have taken means to employ only two sheds instead of 
three for the service of the Company, which admits of econo- 
mising the construction of a new shed. 

. "Besides those direct results the electric light has given the 
following indirect advantages, which reduce the indemnities paid 
by the Company. It reduces the errors in directions and the 
consequent delays, the damage in loading. . . ." 

Let us add that it imposes obstacles to various frauds and 
reduces embezzlements. 

The shed is lighted by a single lamp, and this is sufficient 
because there are only hige bales to be handled. The lantern. 
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is simikr to that in the hall. The lime-washing has been 
lecognised as necessary here as in the other building. 

The yard is lighted by the lamp from the shed, which is 
open on the longitudinal sides. The lighting throughout is at 
least as good as in the streets of Paris. 

The average distance of the machines from the lamp is 
80 metres. 

The expenditure is now estimated at *75 franc per hour and 
per lamp. This figure will be greatly reduced when double the 
number of lights are introduced, because the mechanic and the 
lamp-trimmer will suffice for a much more important lighting. 

The cost of introduction is 25,000 francs, which includes the 
purchase of a steam-engine of greater force than is required. 
This expense would be but slightly increased by the addition of 
three new Gramme machines. 

Detail of expenses for introduction : 

A locomotive engine of 12 horse-power .. .. 7,900 francs. 

Transmission, belts, && 4,848 „ 

Building 8,560 „ 

Lantern-towers, wires, and pulleys • 793 „ 

Three Gramme machines 4,500 „ 

Four Serrin lamps .. .^ ', .. .. 1,800 „ 

Total 23,000 francs. 

Without exaggeration such a plant is worth 16,000 francs, 
because the transmission, the building, and the engine are 
30 per cent, too dear, haying regard, not to what has been 
done, but to what was really necessary. 

OUTEB POBT OF HayBB. — ^M. JeANNB DBSLAin>ES' YaBDS. 

One of the most remarkable applications of lighting by elec- 
tricity is that made on the building-yards of M. Jeanne 
Deslandes, at Havre. 

This contractor is completing great works intended for the 
enlargement of the outer port of Havre and the creation of 
additional space for ships remaining in port. 

These additions necessitate the demolition of considerable 
works, Buch as the curved ^uay and south pier as far as the 
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sea^ the sluioes of the Florida dock, the walls of the counter- 
scarp, the clearing of the ground comprised in this yast extent, 
and the annexation of the greater part of the Florida dock to 
the outer port. They will giye to the enter port a width of 
185 metres instead of 90 metres, whidi is its present extent. 
The new area, including the Florida dock, will he 21 hectares 
instead of 11 hectares. 

For the execution of the foundations, the driying of the piles, 
the demolition of the old walls, &c., it is only possible to work 
at bw water; and in order that he might use the night ebbs, 
M. Gh&on, director of the undertaking, has installed two 
Chwnme machines, which have worked satisfsustorily for six 
months. 

Visiting in detail the works in course of execution, on a dark, 
starless night, we have found that men placed at distances vary* 
ing from 20 to 120 metres from the lamps could carry on 
all their ordinary work without the least inconyenience. The 
miners were piercing the old wall at 115 metres from the 
nearest light and effecting the same amount of work as during 
the day. A locomotiye, towing ten waggons, was running on a 
line of 1500 metres, bringing materials right up to the works 
and transporting the rubbish to the assigned sites. A steam 
pfle^yer was in action. Masons, carpenters, nayyies, &c., 
were executing here and there works of eyery kind. More than 
150 workmen, on a space coyering 30,000 square metres, were 
working without other light than that produced by the two 
G-ramme machines. 

The lights, enclosed in lanterns upon a platform of earth 5 
metres high, were in reality 15 metres aboye most of the places 
where the work of construction or demolition was in progress. 
At 115 metres we could distinctly read a newspaper, better than 
if it had been lighted by a gas-burner at a distance of 5 metres. 
Each lamp gaye a light exceeding 500 Cared burners. 

We earnestly adyise engineers and contractors for public works 
to yisit the arrangement of M. Jeanne Deslandes ; there they will 
find the best existing solution of the problem of lighting works 
at night. 
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Messbs. MiaNON, Eouart, and Dblinieres' Faotoby at 

MoNTLUgON. 

In their iron-tube works at Montlupon, Messrs. Mignon, 
Bouart, and Delinieres have adopted two Granune machines and 
two Serrin lamps for lighting one of the workshops. The 
building thus lighted is a hall 60 metres long by 35 metres 
wide. The lamps are placed at a height of 6 metres and 31 ' 5 
metres apart. The workmen can easily do their work and move 
and handle heavy pieces as well as during the day. The shadows 
of the columns or the machinery have so little effect that one can 
read even in the places where they are darkest. 

In a second hall, adjacent to the first and separated from it 
by a wall with large openings through it, there is sufficient light 
&om the electric lamps to enable one to read everywhere, even 
at a distance of 85 metres from the lamps. 

At Montlu^on only Gaudoin carbons are used, these being 
found much better than the retort carbons. 

Messrs. Mignon and Bouart, satisfied with this first applica- 
tion, are arranging to light completely with Gramme maxshines 
the new workshops which they have just erected on the Boule- 
vard Voltaire at Paris. 

It is complete evidence in favour of the system, that all those 
who have ever tried it extend its application to all places where 
it can be applied. 

Luminous CisiLiNa. 

It often happens that a large hall is badly lighted during the 
day, either because it forms part of a basement or because it is 
surrounded by other rooms intercepting the rays of the sun. In 
these cases, by means of a luminous ceiling, the hall can be 
illuminated by a white light, soft, and in all respects equivalent 
to sunlight. We have done this in one of the halls of the great 
warehouses of 'the Louvre at Paris, as shown in Fig. 42. 

The compartment G is above and nearly over the middle of 
the room to be lighted. A regulator A, baknced by the counter* 
weight C, is put in communication with a Gbamme machine 
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diiyen by a portable engine and placed at 60 metres distance 
from the ceiling. A plate-glass E, mudlYered and frosted, 
prevents the luninons rays from striking too directly into the 
hall and producing objectionable shadows. Fonr snrSEu^, F, 
forming a tnmcated pyramid, are lined with tin-plate, and 
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reflect downwards a great part of the light emitted by the 
regulator. Two rods HH support the frosted glass E. A 
second lamp B, resting npon a bracket J, and balanced by a 
connterweight D, is prepared beforehand, and replaces the lamp 
A when its carbons are consumed. Thus there is no interrup- 
tion to the light. 

This arrangement was made in February, 1877, and it has 
not ceased to work since that time. In consequence of the 
temporary engine not having a very regular speed, and the 
carbons of the regulators not being homogeneous, there are to 
be observed small scintillations and sensible variations in the 
luminous intensity ; but this inconvenience is only temporary, it 
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will disappear completely when the proper engine is nsed and 
the Gandoin carbons are substituted for those now employed. 

Thb Mabnb and Bhine Canal at Sebmaizb. 

Electric lighting was adopted, about the end of 1875, at one 
of the wharves of the Mame and Bhine Canal at Sermaize, con- 
tiguous to a sugar works* It was desired to continue during the 
long winter nights the unloading, if then urgent, of the beet- 
root boats, and to take the contents immediately to the {jMsboij, 
without storing them on the bank of the canal, which it was 
important to keep quite free for traffic. This special problem 
was solved by a Gramme machine of 200 burners, placed beside 
one of the engines of the fitctory, at a distance of 70 metres from 
the lamp. The workmen, who frequently unload two boats at 
the same time, can work without the least inconvenience. This 
has been certified by the engineer of the canal and the manager 
of the sugar works ; the latter has written to say that he was 
quite satia6ed with this lighting, that the Gramme machine had 
attained admirably the object proposed, and saved him at least 
10 francs per hour. 

It may be mentioned that in the sugar works the expense of 
electric lighting is almost limited to that of the carbon rods for 
the lamps, because the steam which has driven the engine can 
be utilised after its discharge. 

Lighting a Skating-Bink. 

The Skating Company of Vienna (Austria) has established 
lighting by electricity in their large rink near Park Bing. This 
is the most successfal open-air arrangement that has been made 
abroad. The surface of the ice is 5700 square metres ; the 
length of the space lighted, including the promenade, is 133 
metres ; the total width is 57 metres. 

The light is furnished by two (Gramme machines, each costing 
3000 francs, placed at 135 metres from the rink, and worked by 
a portable engine of 8 horse-power. The lamps are of the Serrin 
type. They are placed at the top of two fir poles, 7*50 metres 
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high. They are 57 metres apart. Two reflectors prevent the 
waste of light upwards, and oonoentrate all the rays upon the 
snrfiAoe of the ice. For this purpose^ the eight segments which 
compose each of these reflectors are cnrved to an elliptical form, 
having one of the foci at the Inminons point, and the other 
1 metre lower. 

All parts of the space are very well lighted, and altogether the 
arrangements are most satisfactory. 

It is to be remarked that no other system oonld give so good 
a result, because the principal condition for a skating-rink is 
that its centre should not be encmnbered by a series of posts. 
It is, besides, well known that gas nndergoes great variations in 
the open air, and that a very great expense would be involved 
in lighting by it a space of 5700 square metres. 

The best proof we can give of the success of this application 
is^ that the Skating Company, who had hired the apparatus, 
have now purchased them. 

Yabious Appuoations. 

We might describe many other applications, but the preceding 
will doubtless suffice to make the services rendered by electric 
lighting fully appreciated. A summary of some important 
applications will complete this chapter. 

The cannon foundry of Bourges has eleven complete apparatus 
for its difierent workshops ; Gail's manufactory at Paris has three 
electric lamps lighting an erecting shop of 5000 square metres ; 
the Mediterranean Ironworks and Dockyards Company has seven 
Gramme machines in its Havre workshops; the engineering 
works at Pantin have four complete apparatus.^ The works of 
Messrs. Grespin and Marteau, at Paris ; Beaudet, at Argenteuil ; 
Thomas and Powel^ at Bouen ; Ackermann, at Stockholm ; A vondo, 
at Milan, &c., are likewise provided with Gramme machines. 

We may also mention the works of Fives^Idlle and of Tarbes; 
the engineering works of Barcelona; the Stations du Midi at 
Brussels; the ironworks of Foui^cbambanlt ; the foundries of 
Bess&ges and of Fumel, &c. 

The quality which the electric light possesses of maintaining 
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the tints of colours has been utilised in many manufactores, 
notably in the dye-works of Messrs. Gnaydet and Son at 
Bonbaixy and in those of Messrs. Hannart Brothers at Was- 
qnehall. Messrs. Hannart have stated that they can dye 
pearl-greys by the electric light, and that their production has 
notably increased since the adoption of the Gramme machine. 

We haye established lighting by electricity in the workshops 
of M. de Quillacq, at Anzin ; tiie weaving shop of M. Baudot, 
at Bar-le-Duc; in the laundries of the Lyons hospitals, &c. 
More than 100 new applications are ordered: a great number 
are now being completed. 
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CHAPTEB VIII. 

APPLICATION TO UOHTHOUSES, SHIPS, AND F0BT8. 

Appliofttion to Lightbo MM L a H^ye Lighthouse— Bepori of M. Qninette de 
Boohement— Different Lighthousee lighted electrically— Lighting the 
TranBatlantic Oompany'a Steamer *L'Am^rique* — Report of Gaptaih 
Poozolz— Pint Trials by the ** Allianoe " Company— Lighting on board the 
* Liyadia ' — Sentter's Projector — Applications to Military Operations- 
Experiments made on Mount St. VaMrien— Mangin*s Projector— Portable 
Machine worked by a Brotherhood Engine— Gramme Machine capable of 
doubling its light instantaneously. 

Thb electric light k employed with success in lighthouses, on 
ships, and in military engineering operations. It renders visible 
at night, at distances varying from 2000 to 6000 metres, objects 
such as baqys, ships, coasts, houses, men, earthworks, &c. It 
allows the establishment of a telegraphic correspondence, either 
by direct transmission of the light firom one post of observation 
to another, or, when it is not possible for two stations to com- 
mnnicate directly, by reflection on an object visible to both. 

ApFLIOATION to lilOHTHOUSBS. 

The electric light was, in 1863, for the first time applied to 
lighthouses. The trial was made with an Alliance machine, at 
the first-order lighthouse of La Heve, near Havre, and the results 
were so satisfactory that, without doubt, all lighthouses would 
have been immediately provided with electric lights but for the 
great expense involved in a general change. It has been stated 
that the electric light was seen at least 8 kilometres fisuiher 
than the oil-light, and that in foggy weather the range of the 
light was twice as great with the former as with the latter. 

M. Quinette de Eochement, a civil engineer, published in 
1870 a note upon the lighthouse from La Heve, of which the 
following are some extracts : 
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'^ Since the electric light was established six years ago at La 
Heve, a sufficient time has passed to allow an exact idea to be 
formed of the value of this mode of lighting coasts. 

'^ Sailors gratefully acknowledge the great services rendered to 
them by electric lighthonses; the advantages of the system have 
been keenly appreciated ; the extension of the range of the light 
is very marked, espeeially in rather thick weather ; it allows 
many ships to continue their course and to enter the port at 
night at a time when they could not have done so if the light- 
houses had oil-lamps. 

^' The light, which at first left a little to be desired in respect 
of its variability, has gradually attained a remarkable steadiness, 
thanks to improvements in the apparatus and experience ac- 
quired by the attendants* 

*' The fears that had been entertained, a priori, as to the 
delicacy of certain apparatus, have not been realised in practice. 
Accidents have been rare, the extinctions short and few in 
number ; only two during this period of six years have had any 
notable duration ; one, for an hour, caused by an accident to the 
steam-engine; the other, for four hours, seems to have been 
attributable to malice. Under these circumstances there seems 
to be no reason to apprehend possible accidents." 

There are now electric lighthouses in France, England, 
Bussia, Austria, Sweden, and in Egypt. Everywhere their 
action is satisfiEictory. Hitherto in eJl these lighthouses there 
have been tried magneto-electric machines of only 200 Garcel 
burners, but we know on good authority that the French 
Administration of lighthouses, anxious to remain the first in the 
course which they have laid out, are about to experiment with a 
Gramme machine of 2000 burners. Without doubt, this 
niachine will sensibly enhance the advantages already recognised 
for electricity over oil, and will perhaps determine a radical 
transformation in the existing illumination of lighthouses. 

Lighting Ships. 

To make the advantages of electric lighting on board ship 
well understood, we will first reproduce the article published 
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last year in ihe ' Monitenr de la Flotte/ and we will then give 
some infonnatiim as to the application to the nayy : 

The packet ' L'Amdriqne,' belonging to the 'Gompagnie 
Gen^iale Transatlantiqae/ has since the end of March, 1876, 
been provided with a Gramme machine and the appaiatns 
necessary for the production of the electric light. 

The application nnder onr direction, with the assistance of 
Messrs. Sautter and Lemonnier, is dne to the personal initiatire 
of M. Engene P^^re. The Granmie machine was constmcted 
by the inventor himself, on an essentially new type. All the 
details of the project were previously submitted to M. Andenet, 
chief engineer of ^e ' Gompagnie Transatlantiqne/ who aided ns 
greatly with his advice. 

The experiments, managed with as much skill as ingenuity 
by Captain Pouzolz, during the first voyage from Havre to New 
York and back, were crowned with complete success. M. Pouzolz 
on his return presented to the Ooundl of Administration a cir- 
cumstantial report upon the advantages of the system, and the 
Company immediately ordered a similar apparatus for the packet 
'La France,' on the line from Havre to New York, and an 
apparatus on a smaller scale for *La Yille de Brest,' on the 
line of the West Indies. 

Thus shortly three ships of the Compagnie O&ierale Trans- 
atlantique will be famished with electric lights. 

The chief object of applying the electric light to navigation 
is to increase safety by avoiding collisions and &ciUtating the 
entrance to ports. It also admits of loading and manoeuvres of 
all kinds being effected on a dark night as well as in broad 
daylight 

The apparatus on board the ' Amdrique ' comprises a beacon, 
a generator of dedzicity, a portable lamp, and various acces- 

SOdfiB. 

The beacon is placed upon the top of a small iron-plate turret, 
which is ascended by internal steps, without the necessity of 
passing along the dedk, as the turret is immediatdy above the 
hatchway of a staircase. This arrangement is of great advan- 
tage, especially in bad weather, when the fore part of the ship 
is accessible with difficulty by the decL The turret was origi- 
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ludly 7 metres high; M. Ponzolz has had it leduoed by 2 mhttefi 
to give it greater stability, and to lower the level of the ImxunooB 
beam, so that now this turret is 5 metres above the deck. Its 
diameter is 1 m^tre. It is fixed in the fore part of the yessel, 
15 metres from the bow. 

The lantern has prismatic glasses ; it can illuminate an arc of 
225 degrees, leaying the vessel ahnost entirely in shade. The 
electric regulator is on Serrin's system. The appantas is sus- 
pended according to Oardan*s method; a small seat at the top of 
the turret is proTided for an attendant to regulate the lamp. 

The luminous beam is about 0*80 metre in depth. 

The Qramme magneto-electric machine has a power of 200 
Oarcel burners, and weighs 200 kilogrammes; it is driyen by a 
three-cylinder Brotherhood engina The average speed is 850 
revolutions a minute both for the machine and l^e engine (their 
shafts being simply coupled). The space occupied by the 
machine and engine does not exceed 1*20 metre in length, 
*65 metre in breadth, and 0*6 m^tre in height 

The wires which connect the beacon or the movable lamp to 
the generator are well insulated. The total section of the wires 
has an area of 0*00016 square metre. The Gramme machine 
and its motor are placed on a stage in the engine-room about 
40 metres from the beacon. 

All the wires pass through the captain's cabin, who has 
under command commutators by which he can produce or ex- 
tinguish at will the light in each of the lamps either alternately 
or simultaneously without stopping the Gramme machine. 

The novelty of the arrangement in the ^ AmSrique' consists in 
the automatic ihtermittence of the beacon light. This inter- 
mittence is effected by a small and very simple mechanism fixed 
at the free end of the shaft of the Gramme machine. By means 
of a special wire, however, the captain can keep the light of the 
beacon continuous, but this is quite exceptional, for generally 
the flashes and obscnrations constantly alternate. The Gramme 
machine continues to revolve constantly, but the current goes 
alternately through the carbons of the beacon lamp producing 
the light and through a closed metallic circuit which becomes 
alternately heated and cooled. A drawing would be necessary 
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lor the proper ezplaoation of the intermptiiig mechanism ; we 
may, howerer, give a snfficiently dear idea of it. 

The pi ^^i^^ft has a speed of 850 leyolntioiis a minnte; bj 
means of two worms and wheels it tarns a disc at iVtnrth part 
of the speed, that is to say, at the rate of one revolution in two 
minutes. This disc is of double thickness, wood and copper. 
Two^small rubbers bearing each against part of the disc com- 
municate, one with the wires of the beacon, the other with the 
wires intended to balance the electric resistance of the lamp. 
The apparatus is so arranged that one of the rubbers is on the 
wood while the other is on the copper of the disc, and this very 
satisfiactorily effects the intermittence of the beacon light. 
According to the calculations of M. Pouzolz the best proportion 
between the metallic and the insulating arcs of the disc is that 
which produces alternately 20 seconds of flash and 1 00 seconds 
of obscuration. But nothing is easier than to modify this pro- 
portion, eyen on the Yoyage ; it is only necessary for that purpose 
to provide a series of discs having larger or smaller metallic 
&cings. 

The Brotherhood engine being set on a comparatively unstable 
foundation produced intense vibration, and noise so loud that it 
was impossible to hear in the engine-room ; but this inconve- 
nience will completely disappear in other cases where engines 
almost silent are employed. 

The height of the light is 10 metres above the water. The 
possible range of the light allowing for dip of the horizon is 
10 knots (18,520 metres) for an observer having his eye 6 metres 
above the water. 

For the purpose of illuminating the upper rigging while the 
lower sails are left in the dark, M. Pouzolz has had a truncated 
tin cone made, and placed on the movable lamp with its large 
opening upwards. Thus the ' Am^rique ' was seen at a great 
distance by vessels and signal stations when it suited the captain 
to let the electric light bum aU night This idea will render 
great service in anchorages. 

What we have chiefly endeavoured to do in devising the 
arrangement of the ' Am&ique,' is to avoid the more or less 
BoriouB inconveniences which had been pointed out to us, and 
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which may be thus smnmed np: the electric light cieates 
around it a whitish mist which fatigues the eye and interferes 
with observations ; the constant electric light, by its great inten- 
sity, causes the disappearance of the regulation red and green 
lights, and this constitutes a real danger ; near coasts, vessels 
zoay mistake the electric beacon for a lighthouse, and so go 
astray; finally, the apparatus is cumbrous, and its cost is too 
great in proportion to the services rendered by it. 

The Gramme machines do not cost much, they are easily 
erected and worked, they run no risk of breaking down, and 
require only a very small space. The other objections are 
removed by the use of intermittent lights. M. Pouzolz con- 
cludes his report by dedarihg that ^' The Ught showing short 
flashes has never interfered with the view of an officer, or of the 
men at the binnacle, and the lustre of the red and green side- 
lights is in no degree diminished by the use of the forward 
beacon." 

After experiments so conclusive, it seems that nothing should 
oppose the immediate adoption of the electric light on all vessels, 
for it is satis&ctorily proved that the chief number of collisions 
result from the difficulty which captains experience in estimating 
the exact position of an approaching vessel, and in navigation 
the question of safety should take the lead of all others. Yet 
we do not think that the application will speedily become 
general; it is only gradually, after further trials, that the electric 
light will definitely take possession of the ocean. It is even to 
be desired that it should be so; for if we have succeeded in 
removing the inconveniences which have been pointed out to us. 
we hope certainly, in the arrangements which are to follow, to 
introduce important improvements. In our opinion the progress 
developes itself very slowly, but once consecrated by experience 
it remains protect^ from the recoils so common in the history 
of scientific and industrial innovations. 

Attempts which succeed too quickly most frequently involve 
grave deceptions, and if we needed a proof of this assertion we 
should find it precisely in the first attempts made to apply elec- 
tricity on ship-board. 

Ten years ago M. Berlioz, then director of the Alliance 
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Goi^ii^, fixed en beeid tibe 'Jmtaam Nifdeoii' an electric 
jfmrhJM, nftfa a lefiectar pheed eome nehce aboTO Hie deA and 
mteDded to dtxeot ibe light on the faariaoiL The aaooBm of fliis 
fint applicatkm vaa aiveh apokoi e( and Ixoiic^ ether oiders 
to the flMD0 eompaay. 

Among the applioitiona aie those to the ' Saint-Lameiit,' the 
'FoifidV the 'dlUz^' and moro leoeDily to the 'Fnnoe,' 
belonging to the MaiitiBie CairiearB Company of HaiaeiUes. 
With the eioeptton of the last, about the lesult of which we ate 
ignorant, none of these now ezisty and at Saint-Nasaire is to be 
seen the totally rusted eaccaas of the eleetrio appaiatns from Hie 
' SainlrLaiiient.' 

The * Alliance' machines were, howoTer, good, the reports of 
the captains on their nse were &T0iirable^ only, nnfortnnately^ 
sea damages did not become rarer. 

The causes of the nonHsniccess arise especially from want of 
constancy in the trials, from stopping at the least inoonyenienoe 
instead of seeking to oyeroome it Ghanges in command were 
also prejudicial to the keeping of the apparatos on board. 

There is also the economy to be taken into acoonnt, which 
here, as in all cases, mnst be an important consideration. It was 
hoped that fiom increasing safety the insurance companies 
would be led to rednce their premiums ; this result not having 
been attained, electric lighting was regarded as an object of 
luxury. Hence the abandonment of a system instituted often 
at great expense. 

For at least two years the introduction of the Gramme 
maddne has been progressing on board the war-yeesels of the 
French, Danish, Bussian, English, and Spanish navies. The 
Transatlantic Company have re-continued the trials that were 
long ago interrupted, and it is to be hoped that these efforts 
will result in perfect realisation of the problem. 

As &r as the present time, no disappointment has been ex- 
perienced, and increasing labour will doubtless improve the first 
arrangements and lead to still better means. 

Amongst recent applications are those by Messrs. Sautter, 
Lemonnier, and Co., on the 'Livadia' and 'Piezre-le-Grand' of 
the Bussian navy; the 'Bichelieu' and the SufiEren' of the 
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French navy ; &c., &c. ; and those by M. Dahnan upon the 
armonred Spanish vessels ^ Btunancia ' and ' Yitoria/ 

The ^Livadia' is famished with a Gramme machine giving 
about 500 Garcel bnmers, with which buildings may be clearly 
distinguished at a distance of 3000 metres. This vessel has 
several times entered the ports of Odessa and Constantinople by 
nighty and has been brought up alongside the quay as easily as 
by day. 

The electric light was particularly usefal one night at the 
commencement of winter, when — the continuous cold which had 
prevailed for several days increasing during the voyage — it was 
feared that the vessel might become ice-locked. It was necessary 
to seek refuge in a river where, at the entrance, the bar left only 
a buoyed channel of about twenty metres. With the aid of the 
projector the channel was clearly distinguished, and the shelter 
of the river was quickly reached. 

Aboard all these vessels the electric light has been utilised 
with great success as regards renewal of the carbons without 
waiting for the day. 

The French naval authorities are about to install upon the 
'Bichelieu,' and will soon introduce on board the ^SufiGren,' 
Gramme machines of 500 burners, directly actuated by a 
Brotherhood engine, and dispersing the light from lenticular 
projectors. 

The new weapon of attack, the torpedo^ carried or towed, 
puts the largest ironclads at the mercy of one of these rapid 
torpedo-boats. Experience has shown that however vigilant 
may be the watch kept on board a vessel of great depth above 
the water line, a nocturnal attack by a torpedo-launch is often 
successful The launch, running at 15 or 18 knots, has attained 
its end before those attacked have a suspicion of its presence. 
This is not the case if the vessel attacked can explore the horizon 
in all directions for a distance of two or three miles. The enemy 
is discovered ten minutes before the attack, and this is sufficient 
time to prepare for defence, if even the attack is not prevented 
by the simple &ct that it has been discovered. 

The introductions on board ships are completed by a lenticular 
projector, constructed by Messrs. Sautter aod Lemonnier. This 
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projector, represented in Fig. 43, is intended to concentrate in a 
cylindrical sheaf the rays emitted by the lamp, and to giye the 
operator the means of easily directing the light on any point. 
To this effect, the voltaic arc from a Serrin regulator is placed 
in the focus of a Fresnel lens of ' 60 metre diameter, composed 
of three dioptric and six catadioptric elements. The lamp and 
the lens are carried by a cast-iron drum moyable around its 
vertical axis, and turning on its horizontal axis, without altering 
the relative positions of the lamp and the lens. From this it 
results that whether at rest or in motion the luminous point 
remains at the optical focus, and the rays are projected into 
space in a direction following the optical axis of the lens. 

The turning and oscillatory movements may be successive or 
simultaneous ; they have for object the directing of the optical 

at any inclination. 

The operator has his position behind the projector, and effects 
his maacBTiYies by means of conyemently ananged handles. 

Simply by the act of its introduction into the apparatus the 
lamp is put into the electric circuit, and is kept so whatever 
may be the motion imparted to the movable cylinder. 

A small telescope placed on one of the bearings of the cylinder 
projects the image of the carbons upon a ground-glass screen, 
and allows of observation of the working of the lamp without 
the necessity of opening the cylinder. By means of a screw the 
position of the lamp can be altered when it is required to shift 
the luminous point beyond or from the focus to produce greater 
or less divergence of the beam. A second screw and clamp 
serves to maintain the beam in a given direction; the screw 
stopping the turning movement; the clamp preventing oscil- 
latory movement. 

For artillery purposes, a special arrangement admits, by means 
of tajigent screws, of slowly displacing the luminous beam, and 
of exactly striking a previously given direction. 

The complete apparatus is placed on a cast-iron socket, which 
can be affixed to the bridge on board ship, to the interior of a 
casemate in a fort, or on a movable carriage. By the aid of 
an interrupter the current can be suppressed at will without 
stopping the machine. 
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Sevenl GoTemmentB haTing asked for rer; powerfiil Grainme 
machines for the deieace of fortified places, iiie inTeiitor, with 
Meesra. Saatter, Lemonmer, and Co., has designed a special 
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machine, monnted on a trolly, and worked 1^ a three^linder 
Biothethood engine (Fig. 44). 
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The electro-magnetB of tbe machine are flat and very large ; 
the coil has two cnrrent receiyers. A commutator momited on 
the armatnres admits of the coupling of the machine in tension 
or in qnantity instantaneously. 

The boiler is on Field's system with vertical tubes. The 
wheels are in double angle-iron. The whole apparatus possesses 
the qualities of lightness and power necessary to good service. 
It has been adopted in France, Bussia, and NcMrway» 

It resulted firom trials made at Mont Yal^en with a Gramme 
machine thus arranged and with a special projector, that an 
observer at the side of the apparatus could see objects 6000 
metres distant, and clearly distinguish details of construction at 
5200 metres. 

The Gramme machine has a power of 2500 burners. The 
projector, the invention of M. Mangin, lieutenant-Golonel of 
Engineers, instead of concentrating the light by simple refrac- 
tion, concentrates it by refraction and reflection ; this admits 
of obtaining perfect concentration of the rays and of doubling 
their penetration. 

These trials, which were made in tolerably clear weather, with 
a rather transparent state of the atmosphere, have been repeated 
on dark nights with every success. By means of two cables the 
light has been produced at 1000 metres from the apparatus 
without sensible diminution of intensity. 

A great advantage that the Gramme machine possesses for 
military operations is the power, by simple manipulation of a 
commutator, of instantly giving twofold more powerful light, 
or reciprocally. This result is obtained by coupling the machine 
in tension or in quantity. In the first case it makes 600 revolu- 
tions, with an expenditure of 4 horse-power, and gives 1000 to 
1200 burners' Hght ; in the second case it makes 1200 revolutions, 
with an expenditure of 8 horse-power, and gives 2000 to 2500 
burners' light. When the weather is clear the maclune should 
be coupled in tension, then the expenditure of steam is small, 
and the carbon rods are slowly consumed. When the weather 
is foggy or very obscure, the maclune is arranged in quantity, 
the expenditure of steam is increased, and the carbon rods are 
consumed more quickly. But in the second case the Gramme 
machine does not drag nor become heated. 
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With a Brotherhood motor, the change of power can be 
effected iDstantaneooflly. 

For war signalliiigy M. Otamme has desigiied a machine of 
yery small dimendona that can be tamed by hand. This 
machine, worked by four men, produces a light equal to about 
50 Oaroel burners. It has flat electro-magnetSy is mounted on a 
carriage, and receives motion from two handles acting on a 
double set of pinions. Its construction is rough, but well 
adapted to the part it is intended to ftdfiL The French 
Goyemment haye acquired two of these machines for their 
army. 
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CHAPTEE IX. 

MOnVE POWER ABSORBED BY THE GRAMME MAOHINE. 

Direct Experiments — M. Tresca's Report to the Academy of Sciences on the 
Force expended for Two Gramme Machines giving respectively 1850 and 
302 Bnmers' Light — Report by M. Hagenbach, of B&le, on a Machine of 
80 Bnmers — ^Intensity of the Onrrent — Electro-motive Force, Work absorbed 
— ^Messrs. Schneider and Heilmann's Report on the Lighting Power and 
Expense of Four Machines in the Ducommun Workshops at Mnlhonse. 

A GBEAT number of experiments have been made in order to 
determine the amount of work absorbed by the Gramme 
machines, but none have given exact and concordant results, 
because of the di£9culty of rigorously evaluating the light 
emitted by any focus, and of that not less of calculating the 
motor work at the moment of the photometric experiment. 

Personally, we have frequently stated that .with 3 H.P. we could 
obtain 600 burners' light, and that we should not be mistaken 
in assuming for a basis in calculations a half-kilogrammetre per 
burner. ' 

M. Gramme has, during four years, much iinproyed his 
machine from the point of view of expenditure of motor force ; 
his workshop type, which produced in the beginning 100 
burners with 3 H.P., now produces 450 burners with 2 H.P. 

Among the more interesting trials made with the Gramme 
machines are those of: (1) M. Tresca, of the Institute; (2) 
M. Hagenbach, Professor at the Uniyersity of Bale; (3) M. 
Schneider, Professor of Physics at the Technical School at 
Mulhouse. These last were made with the help of M. Paul 
Heilmann, a manufacturer. 

(1.) M. Tbesoa'9 Experiments. 

The trials made by M. Tresca were carried out in the work- 
shops of Messrs. Sautter, Lemonnier, and Co., at Paris, on the 
ISth October, 1875, upon a machine of great power, and, on the 
4th December of the same year, on a machine of medium power. 
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The fonner of these machines is represented at page 95. 
The following are the principal nnmerical data : 

Elbotbo-magnet. 

Diameter of the iron of one electro- 
magnet O'OTOm^tre. 

Length of the iron of one electro-magnet * 404 „ 

Diameter of each electro-magnet filled 

with wire 0*132 „ 

Diameter of the wire 0*0033 „ 

Weight of copper woond on each electro- 
magnet • •• •• 24*000 kilogrammes. 

Goni. 

Exterior diameter of the soft iron ring . . * 175 m^tre. 

Interior „ „ .. 0*157 „ 

Width „ .. 0*119 „ 

Exterior diameter of the coil .. 0*230 „ 

Interior », .. .. 0*220 „ 

Total weight of wire wonnd 14*000 kilogramm^tres. 

Diameter of bundle of condactors . . . . * 090 m^re. 

„ wire 0*0026 „ 

GoNDUomro Wnui fbox the Machine to the Lamp. 

Diameter 0*0078 m^tre. 

Section 0*000047 sq. m^tre. 

Maohikb. 

Total length, pulley included .. .. 0*800 mdtre. 

„ height 0*585 „ 

„ width 0*550 „ 

The second machine was oonstmcted by M. Qramme, especially 
for nse in lighting laarge nncoyered spaces. It doeely resembles 
the machine shown on page 100, and has the following dimen- 
sions: 

Eleotbo-icaonet. 

Diameter of the soft iron of one of the 
electro-magnets^ •• .. .• •• .. 0*070 mdtre. 

Length .. .. 0*355 ,, 

Diameter of each electro-magnet filled 
with wire 0*120 „ 

Diameter of the wire .. .. /, .. 0*0038 „ 

Weight of wire wound on each electro- 
magnet 14* 320 kilogrammes. 
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Coil. 

Exterior diameter of soft iron ring ^« 0* 168 m^tre. 

Interior „ „ ,, 0*123 ^ 

Width „ ..0.101 „ 

Exterior diameter of the coil .. 0*203 „ 

Interior „ 0*119 „ 

Diameter of the wire •• 0*002 ,, 

Total weight of wire wound 4*650 kilogrammes. 

Diameter of bundle of oondacton . . . . * 069 m^tre. 

GONDUOTIKa WlUB FBOM MaOHINB TO LaMP. 

Diameter .. 0*026 m^tre. 

Section .. «. .. «, 0*000055 sq. m^ie. 

Maohinb. 

Total lengthy pulley included .. •• 0*650 m^tre, 

„ height 0*506 „ 

„ width .. 0*410 „ 

In his Beport to ihe Academy of ScienoeB, M. Tresca relates 
the difficnlties he had experienced in setting up a dynamometer 
and in measuring the photometric indications : 

*^ The high velocity/' he says, ^' at which the Gramme 
machines are worked creates a difficolty in setting up a dyna- 
mometer that, as regards the diameter of the transmitting 
pulleys, does not make less than 250 revolutions per minute. 
However, the tracings furnished by the apparatus have been 
perfectly satisfactory, after some tentative experiments, insepar- 
able jGrom this kind of determination. 

'^The work expended has thus been measured with all 
requisite accuracy ; but this is not the case as regards the 
luminous intensity. This intensity was measured by the aid of 
a direct-light photometer giving two contiguous zones, exclu- 
sively lighted, one by a Garcel lamp the other by the electric 
lamp. One of these zones appeared green relatively to the 
other, which had a rose tint ; and among the several methods 
tried, that incontestably the best consisted in correcting the 
difference of these shades by the interposition of two slightly 
coloured glasses conversely. 

^ The standard Garcel lamp^ consuming 42 grammes of oil per 
hour, was placed at a sa£Scient distance from the photometer, the 
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dectric lig^t bring at 40 metres in the first determination and 
at 20 mitreB in the second. 

^Despite the constancy of the electric ennent transmitted to 
the regulatory the light gave, fix>m irregularity in the composition 
of the carbonSy some variations which, for the greater part, are 
perceptible only in the photometric determinations ; but there is, 
mider these conditions, great difficulty in precisely determining 
this intensity, and in its definition with relation to the expendi- 
ture of work it necessitates. 

^\We have taken refuge from these incqnyeniences by multi- 
plying the experiments, and by limiting them to a very short 
period. The standard lamp haying been placed so as to balance, 
in the photometric field, the ayerage light of the electric lamp, 
we kept the apparatus woyking during a certain time, and at the 
moment when we judged that there was equality of light, a signal 
was giyen to the obseryer of the dynamometer, who took a 
traomg for several seconds with care. Another observer recorded 
the corresponding number of revolutions of the dynamometer 
during one minute, and the taking of the dynamometric tracing 
was interrupted just when a signal transmitted from the observer 
at the photometer asked for a new tracing. In the following 
table will be found the data relative to these observations, which 
were completely successful. 

Tablb of ExPEBDimrro. 

Large Machine, 

Mdtres. 

Batioofdifitanoeeatthepliotometdr « 40*00:0*93 

Ratio of inteDBitieB 1850:1 



Dumber 


KevolntioDB of 


Mean ordlnatee of 


Work 


of 


the dynamometer per 


the diagram. 


In kilogramm^tres 


tracings. 


minute. 


MiUlmetres. . 


per second. 


1 


238 


22-50 


678*28 


2 


251 


18-89 


600*56 


3 


248 


21*74 


682*82 


4 


244 


16*60 


513*00 


5 


241 


15*59 


475*86 


6 


244 

Average 244 


16*65 


516*23 




576*12 or 








7*68 H.P. 



Work por 100 burners = 



7*68 
18*50 



= 0*415 H.P. 



Work per burner and per second, 0*31 kilogrammetre. 
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8maU Mcuihine. 

Batio of distances at the photometer 20 : 1 * 15 

Batio of intensities 302*4:1 



Number 

of 
tracings. 


Revolations of 

the dynamometer per 

minute. 


Mean ordlnates of 
the diagram. 
Millimetres. 


Work 

in kilogramm^tres 

per second. 


1 
2 
8 


234 
288 
244 

Average 239 


711 
6*66 
7*42 


201-72 
200-79 
229*41 




210*65 or 
2*81 H.P. 



Work per 100 burners = 



2*81 
3*024 



= 0*92H.P. 



Work per second and per burner, 0*69 kilogramm^tre. 



*' For the estimation of the number of reyolntions of the axle 
of the magneto-electric machine, it was essential to be certain 
that there was no slipping of the belting. At different times, 
we compared simultaneously the velocities of the two axles by 
means of two reyolution-indicators ; we thus found for the 
former experiment a ratio of 15*6, whilst the calculated ratio 
was 5*26. The correction then became easy to make. The 
large machine was connected to a regulator on the Gramme 
system, fed with retort carbons haying 0*012 metre in the side, 
and the other to a Serrin regulator fed with carbons * 009 metre 
in the side." 

Thus, with the interyention of the small machine, 1 kilogram- 
metre was transformed into 1^ burners' light, and with the aid 
of the large machine into more than three Garcel burners. 
These figures are eyen superior to those giyen as a basis at the 
commencement of this chapter; but they are the result of 
experiments made with the greatest care upon machines care- 
fully yerified by the inyentor. In practice we ought eyidently 
io look for a lower efficiency. 
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(2) M. Hagbnbaoh's Sxpbbimenib. 

The report of M. Hagenbach on the Gramme machine is very 
intereating; it specially merits leprodnotion here, even if not 
entirely, and to ayoid repetition npon the construction of the 
apparatnef, at least in greater part. 

''The Physico-chemical Institution, recentiy erected for the 
UniYeiBity of Bale, has a krge hall for popnliur lectare& This 
hall is BO arranged that images firom the solar microscope, magic 
lantern, spectroscope, &c., may easily he projected npon a large 
white screen, 6 metres wide, and shown to an audience of foxur 
to fiye hundred. Either the electric light, solar light, or the 
Drummond light may be employed. As the production of the 
electric light by the aid of a Bunsen or Deleuil's battery is very 
disagreeable and costiy, I thought of using an electro-dynamic 
machine for the production of the necessary light This solution 
was more clearly pointed out by the fiEU^t that the town water- 
pipes giye, in the physical laboratory, about 1^ H.P. for motor 
force. 

''I employed a Gramme machine, not only to convince myself 
it would give the necessary light, but in order to study in detail 
the physical properties of these apparatus. As we may predict, 
with more or less <;ertainty, that at no remote future magneto- 
electric machines will replace, for strong currents, galyanic 
batteries, the use of which is so inconyenient, the results of 
the researches I haye undertaken for a particular end will 
undoubtedly present general interest 

''The machine upon which I haye made my studies has 
electro-magnets 0*27 m^tre in length. The interior moying 
coil, with ring of soft iron wire, consists of two parts which are 
introduced into the current one after the other; each of these 
halyes possesses 48 partial coils. The whole current, that is to 
say, that which acts in the exterior circuit, circulates also around 
the electro-magnet.* 

* It is here necessary to remark that the machiiie spoken of by "NL 
Hagenbach was oonstnioted in July, 1873, and thai the putting of the 
eleotro-magnets into the exterior circuit had already been employed in 
several magneto-electric machines by M. Gramme. 
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^^By measnrmg the galvanic resistance by the Wheatstone 
bridge, I obtained— 

Siemens' Units. 
For the electro-magnet .. ,. .. .. 1*26 

„ interior bobbin (the two parts) .. .. 0*62 

Total .. 1*88 



" The electro-motive force of a Gramme machine is, as may 
be easily miderstood, very variable. It depends upon the velocity 
with which the interior coil revolves, and upon the intensity of 
the current circulating in the electro-magnet ; this latter depends 
in its turn upon the resistance of the exterior circuit. 

''In order to execute the measurements of current-intensity 
necessary to calculate the electro-motive force, I shunted a feeble 
portion of the current through a reflecting galvanometer. A 
previous experiment had shown how much detonating gas the 
principal current famished per minute for a deflection of one 
degree on the galvanometer. I expressed the current intensities 
by the volume of detonating gas given off in a minute, reducing 
it to degree and 0*760 metre pressure. A cubic centimetre 
of gas corresponds to 0-0009926 chemical unit of 0*009 
gramme of water decomposed per second. From the value of 
the intensity of the current and the resistance, one was then 
able to deduce that of the electro-motive force ; this I express 
in the zinc-carbon elements of Deleuil, such as are ordinarily 
employed for the production of the electric light ; I have valued 
the electro-motive force of one of these Deleuil's elements at 
* 0192 chemical unit, or at 1 * 6 Darnell's. 

<< The number of revolutions of the machine was estimated by 
means of a Deschien's velocimeter. 

'' To determine beforehand in what measure the intensity of 
the current and the electro-motive force depend upon the speed 
of rotation and the exterior resistance, I made the following 
experiments :— 

*' I worked the machine at different speeds by intercalating 
different exterior resistances, and measured the intensity of the 
current, of which I deduced the electro-motive force. In this 
manner I obtained the following results : 

''I. The circuit of the machine was closed by means of a 
short, thick wire, the resistance of which might be neglected ; 

L 
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we had fhen no exterior resistancey and a total resistance equal 
to 1 ' 88 Siemens' units. 





Number of 


Inteuity of the 


Electro-motive force 






reroliitloiiB per 


current in centlmMreB 


expressed in 






minate. 


of gu per miniite. 


DeleuQ elements. 






285 


460 


4-5 




886 


78 


7-6 






421 


860 


8-4 






495 


97- 1 


9-4 






687 


112-6 


10-9 






584 


128-8 


120 






744 


150-7 


14-6 






817 


160-8 


15-6 






879 


166-6 


16-2 






980 


172-5 


16-8 






978 


177-7 


17-3 






1045 


183 


17-8 






1082 


186-8 


18-2 





*'II. The circuit of the machine was closed by means of a 
longer copper wire coated with gutta-percha, and representing a 
resistance of * 5 Siemens' units, which gaye a total resistance 
of 2 * 38 Siemens' units. 



Nvanber of 

revolutions par 

minute. 



Intensity of the 

current in centimetres 

of gas per minute. 



258 

865 

450 

597 

818 

906 

981 

1109 

1175 

1283 



9-8 
44*4 
69-0 
96-8 

129*8 

140 

147 

161 

166 

176 



7 
9 
7 

4 
8 



Electro-motive force 

expressed in 

Deleuil elements. 



11 
5-5 
8-5 
11-6 
160 
17-8 
18-2 
19-9 
20-5 
21-7 



*'IIL A still longer wire, representing two Siemens' units, 
was introduced into the circuit, which gave a total resistance of 
3*88 units. 





Nombo'of 


Intensity of Uie 


Electro-motive force 






revolathMM per 


current in oentimMres 


expressed in 






minute. 


of gss per minute. 


DeienU elements. 






589 


41-0 


8-2 




707 


70-0 


14 




' 905 


91*2 


18-3 




117S 


110-5 


22-2 




1416 


129*8 


260 




1584 


1421 


28-5 



MOnVE POWEB A6S0BBED BY THE OBAHlfB MAOHIKE. 147 

^'If we represent these results graphically, by taking the 
number of revolutions as absdisssB and the intensities of the 
current as ordinates, we obtain curves which recede but little 
from a straight line, and which present a sUght concavity 
below the line. The intensity of the current increases then 
nearly in proportion with the speed of rotation. By still 
further augmenting the speed by means of a stronger motor, 
we should have been well able to carry the intensity of the 
current still higher, had it not been that above 2000 revolutions 
a minute the machine becomes too strongly heated. 

" If one deduces from the above tables, by interpolation, the 
electro-motive forces for the same number of revolutions, or the 
electro-motive forces for the same intensity of current but for 
different numbers of revolutions, we easily discern that, for 
feeble intensities of current, the electro-motive force increases 
with the intensity of the current. But when this latter becomes 
great enough to develope 80 cubic centimetres per minute, 
the electro-motive force does not augment sensibly with the 
intensity of the current, because, without doubt, the feeble 
current suffices to produce complete magnetisation. More- 
over, one finds out that, for a constant intensity of current, 
the electro-motive force is perceptibly proportional to the 
number of revolutions ; this should be so according to the law 
of induction. 

" For the production of the electric light, I employed a Serrin 
regulator. I measured the intensity of the light with the aid of 
a Bunsen photometer, taking as the Ught unit the normal 
paraffin candle of 0*0214 m^tre diameter, giving a fiame of 
0*0413 metre height. For measuring the resistance produced 
by the introduction of the electric light, I measured the number 
of revolutions and the intensity of the current ; then I took away 
the electric regulator and introduced higher and higher resist- 
ances, until I returned to the number of revolutions and to the 
intensity of current that I had at first. I obtained in this 
manner, for the resistance caused by the electric lamp, 4*^75 
Siemens' units; which gave, for the total resistance after the 
production of the electric light, 6 • 63 Siemens^ units. 

" The measurements made of the luminous intensity and of 
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the corresponding intensity of current have led me by calcnktion 
and interpolation to the following resolts : 



Nnniber of 

revulution* per 

miimte. 


lotensity of light 

Id normal 

candles. 


Intensity of corrent In 
cnbic oendmetres of 
gas per minute. 


Electro-motive 

force in 
Deleuil elements. 


1700 
1800 

imo 

2000 


506 
667 
628 
689 


119 
126 
133 
140 


40-8 
43-2 
45-6 
48-0 



'^Some experiments made with Prony*s dynamometer have 
shown me that, for the production of the light at 1800 revolu- 
tions per minute, the power expended is about 90 kilogram- 
metres, that is to say, more than one horse-power. 

" Now 567 normal candles are nearly equivalent to 80 Oarcel 
burners ; 1 ' 1 kilogrammetre is therefore necessary for the pro- 
duction of one Garcel burner with our machine. 

" The galvanic resistance of one of my Deleuil elements is 
equal to 0*083 Siemens* units; 72 elements in series are there- 
fore necessary for producing the same light as the Gramme 
machine produces at 1700 revolutions per minute, and 86 
elements for producing the same light as the machine produces 
at 2000 revolutions ; this clearly shows that the employment of 
the Gramme machine, for the production of the electric light, as 
compared with the battery has the advantage not only of greater 
convenience but also of great economy. 

** The Gramme machine that I have employed amply suffices 
for the projection to an enlarged scale of photographs, micro- 
scopic preparations, and spectra." 

(3) Experiments of Messes. Sohneidee and Heiliiann. 

The experiments of Messrs. Schneider and Heilmann are 
remarkable in that they were made with machines that had 
already worked for a year, and in the same place where they 
were erected. At the sitting held in 1876 by the Societe 
Industrielle de Mulhouse, on the occasion of its fiftieth anniver- 
sary, the report was read, and the experimentalists paid a tribute 
of profound homage to the maxveUous invention of M. Gramme. 
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Though it be somewhat irrdeyant to the subject of this 
chapter, we cannot resist the desire to quote the first lines of 
the introduction of the report, they express well the thoughts of 
all men of science and manufacturers that know of the new 
magneto-electric machine with which we are dealing. 

"Gentlemen: — You have doubtless asked yourselves what 
motives have guided us in the choice of the subject that we 
wish to bring before you to-day. 

"Your committee on mechanism, Gentlemen, desire at this 
great and solemn festival to render homage to one of the most 
beautiful discoveries of our era ; the easy and practical mecha- 
nical production of electricity. 

" You know all the multitudinous effects of this curious 
natural power. 

" The word electricity means : heat, light, chemical actions, 
molecular movement, magnetic effects, transmission of power to 
great distances, and many other secrets still to be wrested from 
nature. 

" K these effects are marvellous, you know, also, how much 
difficulty has hitherto been experienced in obtaining them when 
they were sought from electric currents of great intensity. 

" Now the difficulty is surmounted ; thanks to the invention of 
Gramme, the horizon opens out widely before us, and puts at our 
disposal the easy and practical employment of electric currents. 

" Honour to him who, the first, has found a practical solution 
of this problem so long unsolved. 

" Gentlemen, let us go back fifty years, and let us think of 
the founders of this Society to whose memory we to day render 
homage. 

" What would our fethers have said ? what would these first 
champions of Alsatian industry have said, if they had seen 
opened for them this new industrial era, which puts electricity 
at our disposal ? 

" Our predecessors have bequeathed to us : the oil-lamp, the 
gas-light. In this fiftieth anniversary of the foundation of our 
Society, we will bequeath to our successors one of the numerous 
applications of our new industrial power : the electric light." 
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The part of the report special to the determination of the 
lominons power was made hy M. Schneider. The following are 
the most striking points : 

*' All persons familiar with photometric measurements know 
that it is impossible to compare with exactness the intensities of 
two Imninons sources differing in colour. The eye in comparing 
two illuminated surfeuses is not capable of distinguishing the 
difference due to inequahty of intensity from the difference of 
colour. 

''Such was neyertheless the problem that we have had to. 
solve. It is not necessary, in fact, to have recourse to the 
examination of the spectra furnished by a Garcel lamp on one 
hand and an electric regulator on the other to prove the great 
difference in the constitution of these two luminous sources. A 
simple glance cast on the field of a Foucault's photometer exposed 
to the rays of these two lights, shows that the first emits a rosy 
yellow light, beside which the colour of the second appears as a 
violet green. 

'' M. Tresca, who has recently been occupied with the deter- 
mination of the work expended by two Gramme machines of 
great illuminating power, has succeeded in overcoming the 
difficulty in question by correcting the difference in tint by the 
interposition of two glasses slightly coloured in inverse manner. 
But besides the want of a proper scale of glasses slightly 
coloured, we hesitated to admit that the quantities of light 
absorbed by the coloured media interposed should be entirely 
neglected, or should be considered proportional to the intensities 
of the sources which are subjected to these losses of light. 

" We, therefore, confined ourselves to the direct comparison 
of the intensities of the two luminous sources in question. The 
results that we have obtained should be considered only as 
approximations rude enough in respect of scientific method, but 
nevertheless sufficient for practical purposes. 

^ Our determinations present so littie the character of exact 
experiments,, in so far that we had to operate in the foundry 
itself, the ceiling and walls of which could reflect on the photo- 
meter a certain quantity of diffused light, notwithstanding the 
precaution we took to preserve this instrument as much as 
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possible from every disturbing influence by means of a hood of 
thick black calico. 

<< We employed for our experiments the excellent photometric 
apparatus of Messrs. Dumas and Begnault, of which we need not 
giye a detailed description. This apparatus is furnished with a 
Foucault photometer, of which we so &r prolonged the inter- 
vening partition that each half of the glass plate was exclusively 
lighted by one of the two luminous sources under comparison. 

** Following the example of M. Tresca, we took as unit the 
light emitted by a Garcel lamp burning 40 grammes of purified 

consumption, was placed upon the balance which formed part of 
the photometric apparatus at a constant distance of 1 metre 
from the glass plate. The electric regulator was placed upon 
a moTable carriage of suitable height, capable of being easUy 
moved along a divided rule of about 12 metres in length. 

'^ To ascertain the consumption of the Garcel lamp during the 
different phases of the experiments, we began by balancing the 
lamp already lighted ; then, overloading slightly the opposing 
scale, we noted the precise instant when the &11 of the hammer 
on the bell indicated the commencement of the experiments. 
Baising then the alarm hammer, we charged the lamp with 
additional weights, varying according to the intended duration of 
the trial, and carefully noted the exact time corresponding to 
each fresh fall of the hammer upon the bell. 

'^ The Bunsen photometer being less sensitive than others to 
the disturbing influence arising from a difference of colour in the 
luminous sources, we thought it useful to compare the indications 
of this apparatus with those of the Foucault photometer. In 
order that we might effect the determinations with sufficient 
rapidity, we adopted an arrangement similar to that of M. Burel, 
of Bouen. Our photometer consisted of a rule, divided in centi- 
metres, interposed between the Carcel lamp and the electric 
regulator, upon which a small vertical paper screen, carrying in 
its centre an impression similar to that of the stamped paper, 
slides. In this manner each side of the scale is lighted exclu- 
sively by the source of light placed opposite to the side to be 
examined. For taking a measurement, the operator, observing 
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in all experiments the same side of the scale, displaces slowly 
this latter until the complete disappearance of the central spot, 
and then notices npon the divided scale the distance of the 
screen from each sonroe of light. 

** Howeyer easy of demonstration it may be that a similar mode 
of operation only is known to fhmish, with an absolute accu- 
racy * the proportion of the Inminons intensities to be compared, 

* In &ot. the light which strikes on ^ach side of the soreen becomes de- 
composed into three parts, of which one is reflected, the other transmitted, and 
the third absorbed. 
Let US denote for the non-translndd side of the screen : 

by a the quantity of reflected light, 
by 6 the quantity of transmitted light, 
by c the quantity of absorbed light, 
and let a /9 7 be the quantities of light reflected, transmitted, and absorbed 
by the translucid side of the screen. 

In representing by 1 the intensity of the incidental light, we shall have the 
relations : 

+ 6 + = 1, 
+ 3 + 7=1. 
If the left-hand side of the screen is lighted by a source of intensity t, and 
the right-hand side by a source of intensity t", the quantity of light J that 
the non-transluoid part of the screen will send to the eye of the observer, in- 
yariably placed on the same side of the soreen (to the left, for example), 
will be represented by : 

J= ia + i'b. 

In the same way the translucid part of the screen will send to the same 
obsenrer a quantity of light J' given by the relation : 

J' = ta + t'iB. 

This admitted, if no part of the screen absorbs the least portion of the inci- 
dental light (that is to say, if we have c = and 7 = o), or better if the trans- 
lucid part of the screen has absorbed as much as the non-translucid part (that 
is to say, if we have e = 7), we shall have : 

a + h = a + j8; 

and consequently, by supposing i = t', we shall have J = J', that is to say, 
the translucid spot and the groundwork appear to be equally lighted, and the 
spot will disappear. 

But this case never happens in reality. In fact as the translucid part 
absorbs less light than the non-translucid part, 7 < c, and consequently 

a + iS > a + 6. 

But, when the screen is placed at an equal distance from two sources of 
equal intensity, f = i' and 

J = i(a + h), 

J'=: t(a + iS); 
whence it results that 
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we hare not hesitated to inscribe as the measores obtained the 
numbers famished by the Foucault photometer. 

''The results of all the photometric experiments are recorded in 
the fourth column of the table. They often present a remarkable 
concordance, bnt also notable divergences. These differences 
should be attributed, not only to the imperfections inherent to 
all the usual photometric methods, but also to the variations 
experienced by the electric light in consequence of the irregu- 
larity of the composition of the carbons. These fluctuations of 
intensity which, according to a second series of photometric 
determinations effected on the 25th of last March, do not rise 
above 10 per cent, do not escape the eye looking into the field 
of the Foucault photometer. Thej are sometimes perceptible to 
the ordinary view of a practised observer. 

" The great discordance that the indications of the two photo- 
meters present in several experiments, belongs incontestably to 
the diffused light that the ceiling and the nearest wall may have 
thrown upon the slab of the photometer exposed to the rays of 
the Carcel lamp. In the first of these experiments, the voltaic 
arc was uncovered, and in the second it was enveloped by a 
frosted globe opened widely at its upper and lower extremities. 
The light of the Carcel lamp was thus reinforced by a certain 
amount of diffused light, the luminous intensity of the regulator 
used for measurement being forcibly lessened in the same pro- 
portion. 

'' It results finally from these experiments that the intensity 
of the electric light, xmenfeebled by a globe of frosted glass, 
sensibly exceeds 100 Carcel burners for the Gramme machines 
working under the conditions indicated. 

'' As moreover the least intensities observed with the employ- 
that is to say, the spot will disappear only at the precise instant when the 
soreen is equally lighted on both sides. It will appear brilliant upon a 
groundwork relatively dark, and to make it disappear it would be necessary to 
draw the screen a little towards the eye of the observer. 

It also results from the preceding, that the spot can never disappear simul- 
taneously on both sides of the soreen. 

To obtain with this photometer the exact proportion of the intensities of 
two luminous sources, it is, then, absolutely indispensable to have recourse to 
the ingenious arrangement conceived by M. Bunsen ; but this is not the place 
to give a description of it. 
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ment of a difhsmg globe are equivalent to 80 Garcel burners, one 
may conclude that the glass globes absorb about 25 per cent, of 
the light emitted by the voltaic arc in a determinate direction." 

At the same time that M. Schneider made the photometric 
experiments in the new foundry of the Ducommun ironworks, 
M. Heilmann studied, by dynamometric experiments, the motive 
power absorbed by the Gramme machines. To this end He took 
a series of curves, with the aid of a Watt's indicator, upon a 
Sulzer machine working the four apparatus. 

This method, essentially different from that employed by 
Messrs. Tresca and Hagenbach, is certainly the most practical 
when one has no recording dynamometer at his disposal. The 
results which it gives are sufficiently exact, especially if one 
takes care, as M. Heilmann has done, to set off a great nxmiber 
of curves. 

But let us quote the report : 

'^ We have in the first place sought to make the steam-engine 
expend a constant motive power, of which we have determined 
the value by diagrams. This constant established, we have made 
the motor work over and above the constant expenditure one or 
several Gramme machines, according to the programme of the 
photometric experiments ; and it was then easy for us to estimate 
by difference the motive power absorbed above that for each of 
the experiments. 

^^The photometric and dynamometric experiments were not 
made in the same place; we put ourselves in communication 
with each other by such a signal that the experiments were 
made simultaneously in each case. 

'^ In the small teble we have summarised the results of our 
experiments, and placed each indicated number of the dynamo- 
metric experiments opposite to the corresponding figure of the 
photometric experiments. 

''Our experiments lasted 2 hours 48 minutes, and during this 
time 94 diagrams were taken upon the cylinder of the steam- 
engine. 

''The Serrin regulators were supplied with carbons close- 
grained, compact, and hard. 

"These carbons resisted the action of the electric current 
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better than the soft carbons; but, in comparison, they gave a 
less brilliant light, presented more resistance to the electric 
cnrrenty and conseqnently expended more motive power; the 
soft carbons gave a bright light, expended less motive power, bnt 
they are subject to splitting and throwing off splinters of carbon. 

^' Our aim was to carry on the use of the hard carbons, which 
presented a greater gaarantee of regular working. 

^* These experiments have led ns to the following results : 

'^ Neglecting initial or starting force, and only considering 
as the expenditure the motive power absorbed in average and 
current working, we have proved that : 

^' The four Gramme light machines, of the emissive light 
power of, roughly, 400 Carcel burners, which worked in the 
Ducommun workshops, expended about, in current working : 

Kllogranunetres. Horae*power. 

The four machines together, starting 

speed not included ., .. 639*5 .. 7*194 
Starting speed 62*2 .. 0*829 

The four machines together, with 
their starting speed .. .. 601-7 .. 8*023 

''For each Grramme light machine taken individually at 
arranged intervals, in a duration of two hours, we have found 
the following averages, starting speed not counted : 

Begulator 2, Granmie machine B, 1*921 horse-power. 

„ 2, „ A, 1*849 

„ 2, „ C, 1*833 „ 

« 2, „ D, 1*360 



All together .. 6 * 963 horse-power. 

<< This result for the four machines has been obtained without 
starting speed being counted, that is to say, a little nearer to 
that which is indicated above. 

Eegulator 1, Gramme machine B, 1*980 horse-power. 
„ 2, „ B, 1.921 

„ 3, „ B, 1*710 

„ 4, „ B, 2.001 

Total for four experiments 7*612 horse-power. 
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''This resnlt giyes an ayerage of 1 -903 horse-power, starting 
speed not oonnted ; this is what we have formd above for 
machine B. 

'' It is necessarj to distinguish the motiye power absorbed by 
the Gramme machine for setting it to work, from the motive 
power absorbed in current working. 

'' Daring the first twenty-five or thirty seconds which follow 
the setting to work, the Gramme machine absorbs as much as 
67 per cent, above its normal expenditure. This, already dis- 
covered by M. Tresca, arises not only fix>m the resistance opposed 
by the inertia of the matter of a body which is suddenly put in 
motion, but it arises moreover from the power necessary for 
establishing the electric currents. 

** If the carbons have not been previously cut, the time during 
which, from the setting to work, the increased expenditure of 
motive power would take place would be a little longer. 

''From the preceding considerations it is to be seen that, in 
the case of an introduction of Gramme light machines, it is 
necessary in calculating the motive power to be used to admit 
that for a short time the steam-engine should be capable of 
giving an increase of nearly 75 per cent, upon the motive 
power absorbed on the average in current working ; or it would 
occur during this short time that the transmission of movement 
was slightly diminished from its normal speed. 

"The results we are about to indicate relate to the use of 
hard carbons of square section of * 007 metre in the side ; they 
burnt at the rate of * 120 to * 125 metre per regulator and per 
hour. 

'^ As we have before said, m the case of using soft carbons, 
such as are actually obtained, the motive power absorbed will be 
diminished ; but against this the intensity of the light wiQ be 
less regular. 

" The following table summarises the principal experiments 
of Messrs. Schneider and Heilmann : 
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Intensity 




Description 


Nmnber 
of 


Work 
absorbed 


of T<lght 
by 


Observatloiis 


Ol 

Machines. 


Beyolntlons 

of 
Machines. 


in 
Hone-power. 


Bnnsen 

Photometer 

in 

Burners. 


npon 
the B^^nlators. 


Machine B 


816 


1-921 


95-6 


Regulator with frosted globe. 


Machine B 


816 


1-921 


122-2 


Regulator without globe. 


Machine B 


804 


1-980 


86-8 


Regulator with frosted globe. 


Machine A 


810 


1-849 


85-3 


Regulator with frosted globe. 


Machine C 


763 


1-833 


103-2 


Biegulator with frosted globe. 


Machine D 


883 


1-360 


68-7 


Regulator with frosted globe. 



The last experiment gave 81 burners with the Foucanlt photo- 
meter, which corresponds to more than 100 burners without the 
globe, and the expenditure of 1'36 horse-power did not vary. 
This is very nearly 1 kilogrammetre per Carcel burner. 

By comparing this last valuation with that we have before 
given (page 101), it will be seen how much M. Gramme has 
improved his machines since the introduction at Mulhouse. 
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CHAPTEB X. 

COST OP ELEOTBIO LIGHTING. 

Cost of Lighting by means of a Bonaen Battery — Evalnation by M. Bec- 
querel — Tubulated Expenses by MesBrs. Lacafisagne and Theirs — Cost of 
Lighting by means of the ^ Alliance " Machine — Cost of Lighting by 
means of the Gramme Hachine— Tabnlated Comparison of the Cost of 
▼arioas Lights — ^M. Heilmann*s Calcolatlons — Comparatiye Estimate for 
the Introdtiction of Gas and Electricity. 

Although the iise of the battery is disappearing since the 
inyention of M. Gramme^ it YnUl not be profitless to examine 
what was the expenditure for this method of producing light. 

Upon this subject accnrate data are to be fonnd in a report 
presented twenty years ago to the Sod^te d'Encouragement by 
M. Edonard BecqnereL 

The important point to be determined in these researches on 
the battery, is the average consumption of zinc, snlphnric acid, 
and nitric acid necessary to obtain a constant light for several 
hours. Now, experience proves that the luminous intensity 
decreases very rapidly when the current itself diminishes much 
less quickly. This difference of decrement between the current 
and its effects is besides irregular, and this makes it impossible 
to exactly determine the law for the consumption of the sub- 
stances necessary to the production of a given light. 

But, despite this, limits may be indicated between which the 
total expense is included when batteries are used the dimensions 
of which are known. 

Thus, with 60 Bunsen elements of 0*20 metre height, in 
work during three hours, there was obtained, at the commence- 
ment, 75 Garcel burners at a cost of 2*85 francs per hour, and 
at the end of this time 30 Carcel burners at a cost of 2 * 15 
francs per hour. The expenditure of zinc was calculated from 
the intensity of the current measured on a sine galvanometer 
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introdnced into the circuit, and proportioned to the action which 
wonld be produced in a voltameter containing sulphate of copper 
by an electric current of the same intensity ; that of the sul- 
phuric and nitric acids waa calculated from their equivalents. 
It is certain that the actual expenditure is much greater than 
that indicated by the theory of electro-chemical decomposition ; 
besides, there is some loss of mercury, the nitric acid is too 
much weakened to serve for another experiment, &c., so that 
M. Becquerel estimates the cost for 60 elements to be at least 
8 francs per hour. 

This result has besides been confirmed by direct trials made 
at Lyons in 1857, for the lighting of the Bue Imperiale (now 
called the Bue de Lyon). The lamp, Lacassagne and Thiers' 
system, was fed by 60 Bunsen elements. It was in operation 
for 100 hours. 



Name of 
Sabetanoe. 


Consumption 
in 101 hoars. 


Cost. 


Total 
Cost. 


Cost 
^or. 


Observations: Actual Cost. 


Zinc . . . • • • 
Sulphnric Add 
Nitric .. .. 
Mercury . . . . 
Parified Carbon 


-72*00 kilos. 
154'00 „ 
247-00 „ 

9-60 „ 

6 '61 metres 


104 fhmcs per 100 kilos. 

24 „ 

10 „ 
560 „ 
3 „ per m^re. 

Total . . . . 


fiuncB. 
74-96 
36-96 
173'26 
49-76 
19*86 


franca. 
0-76 
0-37 
1-73 
0-60 
0*20 


80 francs per 100 kilos. 

12 „ 

66 „ 
660 „ 
2*6 „ per metre. 




364-76 


3-66 





The preceding table gives exactly the substances consumed, 
the price paid bythe experimenters, the cost per hour of light- 
ing, and the cost of the substances. 

In applying the actual prices of materials to the quantities 
consumed the cost of 8 francs per hour is arrived at, as in 
M. Becquerel's experiments. 

This cost is certainly subject to reduction if the light is to be 
employed in a workshop permanently; the mercury could be 
recovered, the nitric acid economised, the sub-products utilised, 
&c. However, as on the other hand the cost of 8 francs does not 
include interest upon capital for first establishment, nor labour, 
nor general expenses, and as the introduction of electric lighting, 
on however large a scale, will never result in sufficient consump- 
tion of chemical products to allow of any great profit, it may 
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be admitted that the cost of 3 francs per honr, for an average 
light of 60 Garoel bomerSy is a minimmn in practice. 

In the same report M. Becqnerel makes the follo^nng state- 
ment, which we gire, as it fills a Yoid in the preceding chapter, 
and will serve to pass from lighting by the battery to lighting 
by magneto-electric machines : 

*'It is interesting to compare these fignres with those we 
should obtain if we evaluate the force communicated to an 
** Alliance " magneto-electric required to famish an electric 
current capable of maintaining a constant voltaic arc similar to 
that which has served in trials with the battery. If we compare 
these resnlts with those obtained in 1856, with the machine em- 
ployed at the Conservatoire des Arts et Metiers, we find that it 
would be necessary to communicate a force of 2^ horse-power to 
that machine in order to give an electric current capable of 
mamtaining constant a luminous arc having a light intensity of 
50 Garcel burners." 

M. Le Boux, in the meetings already mentioned, gave complete 
items of expenditure occasioned by the use of the " Alliance " 
machine in industrial lighting ; only, we would remark that he 
supposes 360 days' use per year, whilst in the majority of work- 
shops there would be night work on only 100 days per annum, 
which much increases the actual cost per hour of lighting. 

The following is M. Le Boux's estimate for a light of 125 
Carcel burners : — 

1. The most un&vourable case, where the motor which gives 
motion to the magneto-electric machines has no other use, and 
requires a special stoker : 

For a service of 10 hours per day : 

Francs. 

Interest at 10 per cent, upon 12,000 francs for first 

introduction, per day 3'35 

Ck)al, 100 kilogrammes at 40 francs the ^onne . . .. 4*00 

Wages of stoker 5*00 

Carbon rods 3*60 

Oil, &c 1-30 

Cost per day 17*25 
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For a service of 5 hours per day : 

Francs. 
Interest at 10 per cent, upon 12,000 francs for first intro- 
duction : 3*35 

CSoal^ 50 kilogrammes at 40 francs 2*00 

Stoker 5*00 

Carbon rods .. 1'80 

Oils,&c 0*70 

Cost per day 12*86 



2. The most fayonrable ease ; the motor power being taken 
from a powerful machine used for other purposes. 
For a service of 10 hours per day : 

Francs. 

Interest at 10 per cent on 9000 francs 2*60 

Coal, 40 kilogrammes at 40 francs 1*60 

Carbon rods 3*60 

Oil, &c 0*70 

Cost per day 8*40 

For a service of 5 hours per day : 

Francs. 

Interest on 9000 francs at 10 per cent 2*60 

Coal, 20 kilogrammes at 40 francs 0*80 

Carbon rods , .. .. 1*80 

Oil,&c 0*40 

Cost per day 6*50 

Admitting 100 days at 5 hours, or 500 hours' lighting per 
year, the precediag figures for daily cost become, in the un- 
fEiYOurable case, 21*50 francs for 5 hours, or 4*30 francs per 
hour; and, in the &vourable case, 15 francs for 5 hours, or 
3 francs per hour. This gives " 034 franc per burner per hour 
in the first case, mi * 024 in the second. These costs corre- 
spond very nearly to that occasioned by gas-lighting in the 
municipaUty of Paris. 

Let us now examine several costs of lighting obtained with 
the Gramme machine. The large number of industrial appli- 
cations made with this machine vnll allow us to give most 
complete and precise data on this subject. 

Principally, and with very rare exceptions, M. Gramme has 
advised the use of his machine only where there are large spaces 

M 
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to be lighted, and where there is a saffieieiiily powerful motor 
to prevent the addition of one or more machines interfering 
with the regular progress of the work. In 100 introdnctions, 
90 have been made upon these data. Upon this kind of appli- 
cation we then commence our calculations. 

A Oramme machine of 150 bnmerSy mounted on a base, costs 
1600 francs; a Serrin regulator, 450 francs; the cost of cable 
for transmiflEnon yaries, according to the length, from 1 to 2 
francs per metre. WiUi cost of packing, transport, and mount- 
ing, a complete apparatus ready for use costs at a maxiTnum (in 
France and the frontier countries) 2500 francs, inclusiye. 

The retort-carbons for the regulator cost 2 francs the m^tre ; 
their consumption is * 08 metre per hour, waste included. 

With 500 hours night work per year and four apparatus in 
the same establishment, the annual expenses, if a steam motor is 
employed, are : 

FnncB. 

4000 kilogrammes of coal at 35 francs per toxme .. 140 

160 mdtres of retort carbon 320 

Maintenance of the machines, 0*50 franc per hour .. .. 250 

Interest npon 10,000 at 10 per cent, per annum .. .. 1100 

Total 1810 

If hydraulic power is employed these expenses are reduced to 
1570 francs; thus, the light produced by four foci of 150 
burners each, during 500 hours, costs 1810 francs when the 
Gkamme machines are worked by a steam motor, and 1570 
francs when these machines are actuated by a hydraulic wheel. 

For a single focus, it is necessary to take the maintenance at 
0*30 fi:anc per hour, which slightly increases the cost propor- 
tionally. For eight foci, on the contrary, the cost of main- 
tenance will not exceed 0*75 franc, and the cost is propor- 
tionally reduced. 

When work is carried on for the whole night all the year round, 
as at M. M6nier's, at Noisiel, the cost for 4000 hours of night 
work, per focus, with a hydraulic motor, consists of: 

Francs. 

320 mdtres of retort carbon 640 

Annual maintenance of the apparatus at a maximnm .. 200 
Annual interest 250 

Total 1090 
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With the use of a steam motor this figure will be increased 
by 280 francs, the cost of eight tonnes of coals at 35 firancs per 
tonne ; it will then be 1370 francs. 

The cost of the unit of light per honr produced by Gramme 
machines (150 bnmer type), calculated according to what pre- 
cedes, is as follows : 

France. 

For 500 hours per year with a steam motor .. .. 0*0070 

For 500 hours per year with hydraulic power .. 0*0066 

For 4000 hours per year with a steam motor . . ' 0023 

For 4000 hours per year with hydraulic power ., 0*0018 

With the new Gramme machines (type 1877) and Gandoin 
carbons, the price of nnit of light per honr is reduced 40 per 
cent. ; it then becomes : 

Fnmcs. 

For 500 hours per year with a steam motor . . . , * 0042 

For 500 hours per year with hydraulic power .. 0*0040 

For 4000 hours per year with a steam motor .. 0*0016 

For 4000 hours per year with hydraulic power . . • 0011 

These figures are from practical results ; none of the state- 
ments are too favourable ; on the contrary, in many applications 
it is known that the expense per Garcel burner is less than we 
have stated. 

It should be clearly understood in what precedes that these 
introductions were made where a motor existed, and we will 
now see what will be the cost when the material for lighting 
includes, besides electrical apparatus, a special motor. 

The table following gives the cost of the unit of light pro- 
duced by several substances and by magneto-electric machines. 
As gas is most generally taken for comparison, we have varied 
the purchasing price at from * 15 franc to * 30 franc per 
cubic m^tre. 

In order to calculate the cost of gas-lighting we have added 
to the current expenses a premium of four francs per year and 
per burner to cover interest and maintenance of apparatus. 

The table shows that for the same intensity, the Gramme 
machine, in the most unfavourable case, yields a light 

75 times less expensive than that from wax candles. 
55 „ „ „ stearine candles. 

16 „ „ » colza oil. 

11 „ ,y „ gasat 0*30 franc) per cubic 

61 „ „ ,1 gasat 0*15 franc J m^tro. 

M 2 
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Under the meet fistyoiuable oonditions, ihis light is 

300 times less expensive thm that from wax candles. 
220 n n n stesiine csndles. 

^ n n tt oolzaoiL 

40 M M 99 gas at 0*30 franc per cabic metre. 

22 « - .. gasat 0*16 franc per cabic mdtre. 



9$ 



Tabulated Oompabuoh of Cost ov Vabious Liohtb. 



DcKripUoo. 



QtUDttty 

burnt per 

boar. 



Ootlper 

boniflr per 

bonr. 



Purified Colza Oil 
Nentml Allaire Oil 
8haleOa .. .. 
Petroleum Oil .. 
Tallow Candle.. 
Wax Candle 
Btearine Candle 
Voltaic Battenr 
«* Alliance "ttUchine 
*' Allianoe " Machine 



OaGas 



Oil Gas 



OUQas 



Oil Gas 



Gnunme Machine 
(new type) .. 

Gramme Machine 
(new type) .. . 

Gramme Machine 
(new '^rpe) . . 

Gramme Machine 



(new type) 



!.} 



42 
89 
86 
30 
83 
66 
82 

ft 

n 
n 

litres. 
140 



n 



»» 



w 



» 



>» 



w 



ftWKS. 

007 

006 

00468 

0*054 

0*141 

0-83 

0-246 

0-06 

0024 

0007 



0-029 
0-025 
0*050 

0-046 

0-0042 
0*0016 
0004 
•0011 



Oortlbr 
4000 bun- 
en por 
boor. 



firanoi. 

2800 

24*00 

18*72 

21-60 

56-40 

132-00 

98-40 

2400 

9-00 

2-80 



11-60 
10-00 
2000 

17-80 

1*78 
0*56 
1-60 
0*44 



Observfttloos. 



Price per kilog. 1*70 francs. 

1*55 



n 
tt 

n 
n 
n 
n 



tt 

n 
tt 

tt 



1*30 

1*80 

1*70 

5*0 

3*0 



M 
tt 
tt 
tt 



For 500 honrs per year. 
For 4000 hours per year. 



per cubic 
hours per 



At 0*15 franc 
m^tie : 500 
yard. 
At 0-15 franc 
m^tre: 4000 
year. 
At 0-30 franc 
m^tre : 500 
year. 
At 0-30 firanc 
m^tre: 4000 
year. 
rWith steam motor: 500 hours 
\ per year. 

rWith steam motor: 4000 
\ hours per year. 

{With hydraulic power: 500 
hours per' year. 
(With hydraulic power : 4000 
\ hours per year. 



per cubic 
hours per 

the cubic 
hours per 

per cubic 
hours per 



With old forms of machines, the advantage was mnch less ; 
there is however always a considerable difference in frtvonr of 
the electric light. 

Let us take for example the case where a machine of 100 
burners is employed, where the cost of a motor is taken into 
accotmt and where interest is calculated at 15 per cent, instead 
of at 10 per cent., as previously reckoned. 
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We cannot do better than reprodnoe the fignres given by 
M. Heilmann on the cost of machines working for three years 
in the Dncommtin workshops^ at Mnlhonse, noting that the 
interest is very high, since the Gramme machines are not 
susceptible to deterioration. This arrangement is then as 
&Yoarable as possible, from an electrical point of view. 

Four machines with four regulators cost per hour : 

EXFEKDirUBE FOB LiGHTINa FBOPEBLT 80 GALLED. 

Francs. 

Carbon for regulator : for 4 regulators 0*88 

Consumption of steam for 4 machines • 0*36 

Superintendence 0*30 

For 4 luminous foci 1*54 

Intebest and Detebiobation. 
The introduction is estimated : 

Francs. 

For the Gramme machines and the regulators . . . . 9,000 
For the motor power 8^000 

Total 17,000 

FnnoB. 

15 per cent, interest, wear and tear, and maintenance, 
2550 francs divided oyer 500 hours' lighting per 
annum • 5*10 

Total expenditure per hour for 4 luminous foci . . 6 ' 64 



If in the special caae before ns, we wish to make comparison 
between the cost of Ughting the foundry of the Dncommun 
shops, by the electric light or by gas, the following table will 
snpply tiie data : 



Lighting 1^ Means <fl Gas obtained 
ftwnOll. • 


Lighting by Means of the Electric Light 




Cost per Hour. 


Equivalent of the 
power of tiie Electric 
Light from 4 Hegu- 
lators expressed in 
Number of Gas- 
burners. 


Cost per Hour. 


Power of light 
ezpretBedln 
Gas-barnera 


Withoat 
Interest or 
Deteriora- 
tion. 


Witii 
Interest and 
Deteriora- 
tion. 


Without 
Interest and 
Deteriora- 
tion. 


With 
Interest and 
Deteriora- 
tion. 


tramenB. 
442 


francs. 
11-05 


francs. 
15-03 


burners. 
442 


francs. 
1-54 


francs. 
6-64 
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From the aboye table we may draw ihe following oon- 
diisioBs: With equal light emismny the electric light costs 
less than gas, and this in the ratio of about 1 to 2*26 with 
interest and deterioration, and of 1 to 7 ' 17 without interest and 
deterioration. 

The following are figures that serre as basis in the preceding 
calculation : 

Number of hours of lighting per annum : 500. 

Power of light from 4 regulators: 320 Carcel burners (each of 

0'0235 m^tre exterior diameter, consuming 40 grammes of oil per 

hour). 
Power of a Carcel burner: 8*69 st^arine candles of ten to the kilo- 

granmie. 
Test of a gas-bonier consuming in one hour 100 litres of gas: 6*280 

candles. 
Cost of 1 cubio mtoe of gas : 0*25 franc 
Cost of introduction of gas per burner : 30 francs. 

To complete the data relative to the comparative expenditure 
for gas and electric lighting in the manufEustures, we will give 
an estimate made for a spinning mill of 800 looms. 

The introduction of gas was taken on the following basis : 

Number of burners 415 

Number of hours of night work per year 500 

Cost of introducing gas 12000*00 francs. 

Price of a cubic mdtre of gas 0*25 francs. 

Cost of gas per year 5486*85 „ 

Interest, 12,000 francs at 10 per cent. .. 1200*00 „ 
Maintenance of apparatus and contin- 
gencies 263*00 „ 

Total cost of gas-lighting per year . . 6950 • 10 „ 

Corresponding electric lighting includes : 

6 machines at 1500 francs 9000 francs. 

6 regulators of 300 burners at 450 francs .. 2700 „ 

Wires and mounting .. 1300 

12 horse-power steam motor 8000 



19 



Total cost of electric apparatus •• .. 21,000 



n 
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Power neoeBsary to work the machinee 12 horse-power : 

Consumption of electric carbons 240 metres 

at 2*5 francs 600 francs. 

Consumption of coal, 10 tonnes at 30 francs 300 „ 

Interest on 21,000 francs at 10 per cent. .. 2100 „ 
Annual maintenance and contingencies . . 1600 „ 

Total cost of electric lighting per year . . 4600 „ 

The electric lighting in this case costs annually 83 per cent, 
less than that by gas, gives six times more light, and suppresses 
all danger of fire. 
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CHAPTEE XI. 

LIGHTING BT IN0ANDE8GENGE. 

Use of Geiader Tabes— Report presented to the Academy of Sciences by M. 
Goste, in the name of M. Gervai*— Kiog's Inyention — ^Lodyguine's I^unp 
— ^WUd'B Report to the St. Petenborg Academy — ^Konn's Lamp — Bonli- 
goine's Lamp — ^Experiments by the Author on Lighting by Incandescence 
— Ghi^r^meteff and Fontaine's Lamp. 

As we haye Baii^ the voltaic arc is eminently conyenient for the 
lighting of large nncoyered spaces, or large halls without interior 
partitions, bat when it is reqnired to light small places or yery 
suhdiyided localities^ it is mnch more advantageous to employ 
gas, petroleum, or even ordinary oil 

There are numerous works on the construction of small 
electric foci, but to the present day none of the means devised 
have given practical results. It has been endeavoured to use 
Geissler tubes, and small incandescent carbons, and if these two 
means have not been successful, they offer nevertheless sufficient 
interest that we should devote some pages to their description. 

It is well known that Geissler, an artist at Bonn, constructed 
the first tubes blown in various forms, closed hermetically and 
containing only traces of various vapours. These tubes put into 
communication with a current, by means of platinum wires fused 
into the glass, from a Buhmkorff coil, produce a stratified light, 
that is to say, composed of Gne transverse layers separated by 
dark layers continually agitated. At the same time the sides of 
the tubes present a brilliant appearance, to which the term 
fluorescence has been applied. 

On March 27, 1865, M. Coste presented to the Academy of 
Sciences, in the name of M. Gervais, the following report : 

'^ The apparatus was constructed by M. Buhmkorff, who has 
acquitted himseK of his task with his usual care and ability. It 
is a case or box in bronze, mounted on foux feet, and its cover 
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or lid is hermetically closed by means of a press-screw, and 
between the two surfaces thus brought into contact is a caout- 
ohonc washer. To the coyer is attached a ring, serving as a 
suspension to the optical apparatus. The case contains two 
bichromate of potash elements closed in their turn by plates to 
which strips of copper are solidly screwed. The poles of the 
current furnished by these two elements may be put at will into 
communication with the bobbin, and the induced current is 
transmitted to a Qeissler tube by two wires coyered with india- 
rubber. This tube, of proper form and filled with carbonic acid, 
is enclosed in a glass cylinder with thick sides, furnished with 
copper armatures, and into which water cannot penetrate. This 
is the lighting part of the apparatus. With this instrument a 
soft light is obtained, similar to that now employed by miners. 
It resembles in certain respects that giyen by phosphorescent 
animals^ but is more intense. It can be seen eyen when the 
apparatus is several metres under water. It would doubtless 
serve to attract fish, as does the phosphorescence of certain 
species, and it would also serve to light limited spaces, situated 
beneath the surface of the water, or for floatmg signals. The 
captain of the ^Devoulz,' commanding the southern coasts of 
France, employed this apparatus in the port of Gette, in September 
last. It remained immersed for nine hours, and it gave light 
for six hours under these conditions, as well as when charged at 
Montpellier. The phosphorescence may be of longer duration. 
A second trial, made at Port Yendres, on board the 'Favori' 
(Captain Trotabas), was equally successful." 

The light obtained by the Geissler tube is so feeble, that it 
can never be utilised practically, and numerous trials made in 
mines and powder mills have been without result. 

Lighting by incandescence has been studied for a long time ; 
but its application generally presents so great difficulties, that 
at the present day it. may be considered as within a purely 
scientific domain, idthough a certain number of apparatus exist 
working moderately well 

The first document on the question that we have found, is an 
"Rngliflh patent of the 4th November, 1845. 

Mr. King, the inventor, enters into some exact details of his 
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ideft, ind pnM&tB lome oonaidentioiiB which toad to prore that 
nukgneto-electric machinea, powerfbl eitoagh to [oodnce light, 
aheady existed in 1845, 
The foUowing are the ptindpol paasages &om the patent : 
The invention baa for ita liuda the Tue of metallic oondootorB, 
or of oontiaaoas carbons, heated to whitenen by the paasage of 
an electric cnrtent The best metal for this purpose iaplatiaom, 
the best carbon is retort carbon. 

When carbon ia employed, it is nsefal on acoonnt of ita affinity 

for oxygen at high temperatnree to ooTer it from air and moisture, 

•8 indicated in Fig. 45. The condootor rests on a bath of 

mercury; the bar B ia in porcelain, it serves to support the 

oondnotor 0; the ooodnctor D ia fixed on the 

bell by a hermetioally sealed joint The carbon 

rod A rests at top and bottom on oondncting 

Hooks and becomes inoandeaoent by the passage 

of an electric cnrrent 

A Taoanm is previously established in the 
bell, and the apparatus veritably forma a baro- 
meter with one of the poles of the battery in 
oommmiication with the oolnmn of mercury, and 
the other wiHi the oondTietor D. 

In order to obtain an intermittent light, the 
circuit can be periodically intermpted by a clock- 
work movement. 

The apparatus properly closed may be applied 
to sabmuine lighting, as well as to the illomina- 
tion of powder mills and of mines, especially 
where the danger ot explosion is feared, or the 
lapid inflammation of very oombustiUe sub- 



When the current ia of sufficient intensity, two 

or a larger number of lights may be placed in the 

same (rircuit, care being taken to regnlflto the 

Fia. 49. power of the magneto-electric machines, or the 

Knre'g Liiu. elemenls (rf the battery producing the currrait 

In 1846, Greener and Stwte filed a patent for a lamp, 
analf^us to King's, pointing out that they freed the carbon, 
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before use, from impurities by treatment with nitro-mnriatic 
acid. 

In 1849, Petrie concludes the description of a patent for a 
lamp with the following remark : — '^ A light may be produced 
by passing an electric current through a short and thin con- 
ductor, which heats and becomes luminous ; but the majority of 
substances fdse and bum rapidly: howeyer, I obtain a good 
light by using iridium, or one of its alloys. Iridium may be 
fused so as to produce an ingot whilst it is submitted to the 
heat of the voltaic arc ; afterwards it may be decarbonised and 
rendered more malleable. It can be cut into small pieces 
of 0-001 metre diameter and 0- 010 to 0'020m^tre length, 
that can be fixed upon two insulated metallic supports, which 
are in connection with the two wires of a proper galvanic 
battery. There is then obtained a beautiful light." 

Several other patents have been taken out in America, 
France, and England for the same kind of idea ; but none of 
these appear more complete, more Explicit, and more practicable 
than King's ; it is then useless to continue our nomenclature. 

Lighting by incandescence, and the principle of ite production, 
had for a long time fallen into oblivion, when in 1873 a Bussian 
physicist, M. Lodyguine, resuscitated both, and invented a new 
lamp, which has since been perfected by Messrs. Eonn and 
Bouliguine. 

In 1874, the St. Petersburg Academy of Sciences awarded 
a high prize to M. Lodyguine. The following includes some 
extracts from the report presented on the occasion by M. Wild, 
director of the Imperial Observatory ; this report, as we shall 
see, includes several capital errors : 

'^ It has long been known that we can employ the heating 
faculty of the electric current, even without the aid of gas, as in 
the luminous galvanic arc, to heat a soUd body to whiteness. On 
this principle there are often thus heated thin platinum wires, 
which are bad conductors, by causing them to be traversed by a 
powerful electric current. The light obtained by this process 
is much more feeble and more constant than the electric light 
from carbon; it can also be extended further, and may be 
increased or diminished at will ; nevertheless it has never found 
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pnctioal use, because it is too feeble oompaied with its cost, and 
because when it is desired to give greater intensity, there resnlts 
fdsion of the platinnm wire, which in general is not homogeneous 
thronghont 

** M. Lodygoine was the first who had the idea of replacing 
the platinum wire, in these combustion experiments, by small 
bars of earlxm (coke) analogous to graphite, that is to say, a 
good conductor, and thus resolved the problem of electric 
lighting. 

^'The adyantages of this substitution of the carbon for 
platinum are so obvious from a theoretical point of view, that 
it is astonishing, as is always the case with important inven- 
tions, that no one had the idea sooner. Carbon possesses at 
equal temperature much greater power of radiation than pla- 
tinum ; the capacity for heat of platinum is superior (nearly 
double) that of the carbon in question, so that the same quantity 
of caloric raises the temperature of a small bar of carbon 
to a degree nearly twice that attained by a platinum wire of the 
same volume. Besides the resistance of the carbon in question, 
as a conductor of electricity, is nearly 250 times greater than 
that of platinum ; it results that the small rod of carbon may be 
fifteen times thicker than a platinum bar of the same length, and 
that the current traversing it will engender the same quantity 
of heat. Finally the carbon may by heated to the most extreme 
white heat without fear of fusion, as is the case with platinum. 
It is to these important theoretical advantages that is evidentiy 
due the great success of the mode of electric lighting proposed 
by M. Lodyguine. 

"The sole inconvenience of the use of carbon instead of 
platinum consists in the £Etct that, in the combustion the carbon 
combines with the oxygen of the air, and is thus gradually 
consumed. M. Lodyguine has avoided this inconvenience by 
enclosing the carbon heated to whiteness by the electric current 
in a glass receiver hermetically sealed, and from the interior of 
which the oxygen is expelled by a most simple process. 

" It is not within the province of the Academy of Sciences 
to give its judgment on the technical and other difficulties 
which will present themselves in the extended application of 
M. Lodyguine's invention, nor on the other hand, upon the 
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mimerotiB practical advantages of this mode of lighting above all 
others ; it will snjQice to the Academy to state that, thanks to 
this invention^ there is resolved in the simplest possible manner 
the great problem of subdivision of the electric . light, and of 
rendering it constant/ in order to recognise M. Lodygnine as 
worthy, in consideration of the nmnerons applications of his 
invention, to obtain the Lomonossow prize." 

In his lamp, M. Lodygnine employs carbon in a single piece 
by diminishing the section at the point of the Inminons focus, 
and he places two carbons in the same apparatus with a small 
exterior commutator, in order to pass the current into the second 
carbon, when the first has been consumed. Nothing is less 
practical nor less studied than the apparatus of this inventor. 

M. Eosloff, of* St. Petersburg, who went to France in the 
hope of working the Lodygnine patent, perfected his lamp 
slightly, without, however, bordering upon anything passable. 

In 1875, M. Eonn, also from Si Petersburg, patented a 
more practicable lamp, represented in Fig. 46, which was con- 
structed for the first time in Paris by M. Duboscq. 
, This lamp consists of a base A in copper, on which are fixed 
two terminals N for fastening the conductors, two bars G, D in 
copper, and a small valve E opening only from within outwards. 
A globe B, widened at its upper part, is retained on the base by 
means of a bronze collar L pressing on an india-rubber ring, 
exactly as occurs with the level-gauges of steam-boilers. 

One of the vertical rods D is insulated electrically from the 
base, and communicates with a terminal also insulated. The 
other rod is constructed in two parts : (1) of a tube fixed 
directly upon the base without insulation, and (2) of a copper 
rod spilt for a part of its length. This split gives elasticity, and 
admits of the rod sliding in the tube with only a small effort. 

The retort carbons E, to the number of five, are placed 
between two small plates which crown the rods. 

Each carbon is introduced into two small blocks, also of 
carbon, which receive the copper rods at their extremities. The 
rods also are equal in length at their lower ends, and of unequal 
length at their upper ends. A hammer I is hinged on the bar G, 

* We shall see subsequently how the problem has been resolyed by M. 
Lodyguine. 
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and rests only an a smgle rod of carbon at onoa. If this lamp is 
placed in circnit by attaching the two conductors from a battery 
to the terminals N, N' (the terminal or binding screw N' is 
hidden by the terminal N; but it is identical, and is not 
insulated from the base), the bar of carbon E is traversed by 
the current which passes by the aid of the hammer I, &om the 
copper bar F, the two carbon bloclra 0, 0, the copper bar Gt, 
and the plate crowning the bar D. 

The vacnmn has preyionsly been made by putting the cock E 
in connection with an aii^pmnp or other known pnemnatic 
machine. 

The rod E reddens, whitens, and becomes Inminons. Its 
light is colourless, steady, and constant; bat gradnally the 
section diminishes, the rod breaks, and the light disappears. 
The hammer I then £eJ1s on another rod, and nearly instan- 
taneously lighting is re-established. 

When all the carbons ace consumed the hammer rests upon 
the copper rod H, and the current is not interrupted. In this 
manner when seyeral lamps are fed by the same electric 
generator, extinction of one does not cause that of the others. 

To avoid the projection of small pieces of carbon and their 
blocks against the glass, M. Eonn has placed at the lower part 
of his lamp a small copper tube M, which receives the d&ms 
xmtil the plates are refmnished. 

Three of these lamps were introduced two years ago at the 
house of M. Florent, a merchant of St. Petersburg, and put in 
action with an '' Alliance " machine. Each carbon lasts about 
two hours, with the exception of the first, which is consumed 
nearly immediately; the light is very agreeable, but its cost 
considerably exceeds that of gas. M. Florent, whom we have 
had occasion several times to see, has informed us that the great 
advantage he has found in the employment of electric lighting 
was its cleanliness. His store-rooms contain much white linen 
that gas rapidly impairs, and on which electricity exercises no 
injurious influence. The bleaching economised fuUy compen- 
sates the supplementary cost necessitated by an important 
introduction, with but little regard to the light obtained. 

M. Florent has not made any photometric measurement ; but, 
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X'la. 4G. EONHH Lamp. 
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by oompariflOD with gas, each Eonn lamp has been valued at 
aboat 20 Garoel buiners. 

The principal cause of the great expense that the use of the 
light firom incandescence entails, rests in the difficulty of pre- 
paring small carbons, which cost, as fitted, more than 5 francs 
per m^tre. 

A Bnssian officer, M. Bonlignine, has constructed a lamp 
(Fig. 47), which attains nearly the same end as that by M. 
Eonn with a single carbon. It consists, like the preceding, of 
a copper base or socket, two vertical bars, two bars carrying the 
current, and an exhaust valve. 

One of the bars is pierced with a small hole £rom top to 
bottom, and has nearly throughout its length a slot admitting 
the passage of two snuJl lateral lugs. 

The carbon is introduced into this bar like the lead of an 
ordinary pencil-case, and it is assisted to rise by a counterweight 
connected by two microscopic cables to lugs in the transverse 
support on which the carbon rests. 

The part of the carbon which is to become incandescent is 
held between the lips of two conical blocks of retort carbon. 

A screw placed on the base admits of increasing or diminish- 
ing the length of the bar which carries the upper conical block, 
and consequently of giving to the luminous part greater or less 
length. 

The dosing of the globe is effected by the lateral pressure of 
several india-rubber washers. 

When the lamp is placed in circuit, the carbon rod reddens 
and illuminates until it is about to break. At this moment a 
small mechanism * commanded by an electro-magnet opens the 
lips of the carbon-holders, the counterweight above drives out 
the firagments that would remain in the notch, and the counter^ 
weight below raises the carbon rod which penetrates the upper 
block, and re-establishes the current. The mechanism again 
acts, but in contrary direction to its first manoeuvre, the carbon- 
holders contract, and the light is renewed. 

* The meohanism in question, which the scale of the engraving will not 
admit of showing, consists substantially of an iron armature placed in the 
interior of the lamp, and of two metallic rods acting on two cross leyers jomted 
on to the ring surrounding the carbon-holders. 
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We haye seyeral times tried this lamp, but we have never 
obtained good results. It includes too many moving parts, and 
the least obstacle prevents the play of the mechanism. How- 
ever, we have observed that when by chance it works regularly, 
the contacts being better and less numerous than those of 
£onn's lamp, it needs less intense currents for the production of 
a given light. With a (Gramme machine of 100 burners we 
have obtained with a single lamp as much as 80 burners, 
whilst with a Eonn lamp we could never eixceed 60 burners. 

In order to realise the actual value of the system of lighting 
by incandescence, we have made a series of experiments with 
several Konn's lamps and a Bnnsen battery of 48 elements, of 
- 20 metre height. 

The first operation consisted in measuring the resistances 
of retort carbon, of square section. The samples tested were 
* 002 metre in the side. The following results are from eight 
experiments : 





Number of 
Experiment. 


Length of 
Samplea 


ResistaDcein 
Mfttree of Tele- 
graph Wire. 








mitre. 








1 


0-100 


16 






2 


0100 


14 






8 


0-100 


15 






4 


100 


14-50 






5 


100 


19 






6 


050 


7 






7 


050 


9 






8 
Total 


0-050 


7 






.. 650 


101-50 





Whence it results that the mean Unear resistance of the retort 
carbon of * 002 metre is about 172, that of a telegraph wire of 
• 004 metre being taken for unity. 

We subsequently rounded the carbons, so as to reduce their 
diameter to 0*0016 metre, and regulated the length in such a 
manner as to obtain 0*018 metre incandescent part. The 
vacuum was carried to about *70 metre mercurial pressure. 

The following results represent the mean of more than twenty 
series of experiments : 
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Methods of Coupling tbe Battery. 


2 Series parallel of 


3 Series parallel of 


4 Series parallel of 


1 Single Series of 


24 Elements. 


16 Elements. 


12 Elements. 


48 Elements in Tension. 


StlktA of 














the 
Circuit 


s 




1 




1 




1 








Luminous 
Intensity of 


Oalvanom 
deflection. 


Luminous 
Intensity of 


mom 
tlon. 


Luminous 
Intensity of 


Galvanom 
deflection. 


Luminous 
Intensity of 




11 


eadiLamp. 


each Lamp. 


deflec 


each lamp. 


each lamp. 


Circait 


















closed 


47 


• • 


10 


• • 


70 


• • 


60 


• • 


on itself 


















6 lamps 


28 


Reddlsli-white 


11 


Cherry-red 


10 or 11 


Dull-red 


36 


i burner 


4 lamps 


29 


i burner 


22 


Beddish-white 


16 


Orange-red 


38 


2i burners 


3 lamps 


38 


1 to 2 burners 


28 


1 burner 


26 


i burner 


41 


3i burners 


2 lamps 


40 


3 burners 


41 to 42 


2i to 3 burners 


40 to 45 


3 to 5 burners 


44 


6 burners 


1 lamp 


43 


4 to 6 burners 


49 


11 to 12 burners 


60 40 burners 


46 to 46 


6i to 7 burners 



The lamps were grouped like the elements of a battery m 
tension, then forming a single series. 

In the following table are given the results obtained with 
lamps arranged in batteries, that is to say, on distinct circnits 
deriyed from the battery. Because of the considerable differ- 
ences observed in the intensities of the hght of each lamp during 
the same experiment, we give the total Ught instead of that 
produced by each lamp : 



^Wlien lianded ia 

h., m. the 



ied^ 



Methods of Coupling the Battery. 



2 Qeries parallel 
of 24 Elements. 



3 Series parallel 
of 16 Elements. 



li 



58i 

67 

56i 

56 

55 

52i 



Total light 

emitted by 

the whole of 

the lamps. 



« 

is 

n 

W -I) 



1 burner 
5 burners 
9 burners 



68 

64i 

63 

6U 

60 

674 



Total light 

emitted by 

the whole of 

the lamps. 



i burner 
f burner 
2 burners 
6i burners 
64 burners 



4 Series parallel 
of 12 Elements. 



I 



1 = 



^•3 



69 

63i 

63 

62 

69 

66 



Total light 

emitted by the 

whole of the 

lamps. 



2i burners 

3 burners 

4 burners 
15^ burners 
66 burners 



8 Series parallel 
of 6 Elements. 



2 
§g 



Total light 

emitted by 

the whole 

of the 

lamps. 



70 

60 
69 
68 
66 
46 



i burner 
li burner 
8 burners 



tal important observations were made during these experi- 



,No. of Seat) 



^n the receivers are sealed and the contacts carefally put 

^> the carbons last for a satisfactory period The first 

of a lamp never lasts for less time than a quarter of an 

N 2 
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hour ; sometimes it breaks at the end of thirty to thirty-fiye 
minutes, but that is yery rarely ; its average duration is twenty- 
one minutes. The succeeding carbons last upon an average 
for two hours, so long as the luminous intensity does not reach 
40 burners, in which case the average duration is only half an 
hour. In the experiment of four parallel series of 12 elements, 
the five lamps being collected in batteries and one only 
lighted, the carbon, which gave 65 burners, lasted only twenty- 
three minutes as an average. 

Attentive examination of incandescent carbons, through a 
strongly coloured glass, has shown that they are not uniformly 
brilliant. They present obscure spots, indicative of non-homo- 
geneity, and the position of cracks which rapidly disintegrate 
the carbon. 

The vacuum never being perfect in the receivers, the first 
carbon is in greater part consumed. It would appear that con- 
sequently upon the Uttle oxygen contained in the lamp being 
transformed into carbonic acid and carbonic oxide, the carbon 
should be preserved indefinitely. But there is then produced a 
kind of evaporation which continues to slowly destroy the incan- 
descent rods. This evaporation is besides clearly proved by a 
pulverent deposit of sublimed carbon, that we have found on 
the interior sur£a^ of the bells, on the several interior parts : 
rods, contacts, hammers, &c. 

No bell has been cracked by heating or cooling during the 
whole of the experiments, extending over several months, but 
several of the necks have been broken by the too energetic 
closing of the joint. 

The delicate part of the lamp is in the series of contacts 
which precede the incandescent rod. The carbons are got into 
straight line, which is indispensable to their duration, only with 
minute and long precautions. After rupture, the contact does 
not always occur automatically, and two or three times we have 
been obliged to shake the lamp to cause the lighting of the 
next carbon. 

The mftxi"*"Tn efficiency has occurred with a single lamp and 
with four elements in quantity ; by employing two lamps and 
descending to two elements in quantity, the results were con- 
siderably diminished. 
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We have recently made similar trials with Qaudoin artificial 
carbons of the same section, and the resnlts have been more 
satisfiftctory. Thus the total light produced with 48 elements 
in four series and a single lamp, reached 80 burners, and 
that produced with the same battery and three lamps, attained 
30 burners. 

The same battery coupled in tension and actuating a Serrin 
lamp gives a voltaic arc of 105 burners; but the light obtained 
by incandescence is much steadier and more agreeable to the 
eye. 

From what precedes, it appears to result that King and 
Lodyguine's system is much more favourable to large foci than 
to the divisibility of the electric light ; however it is proper to 
remark that when 10 burners per lamp are not exceeded, the 
carbons have a very long duration, whilst they are consumed 
very quickly for an intensity of 60 to 80 burners. 

Only carbons of 0*0016 metre diameter and 0*018 mfetre 
luminous length were until then those tried; these behave 
very well with a strong current, but give no light with 12 
elements. It became interesting to learn what light could be 
obtained with 12 elements by diminishing the length of the 
carbons. This was the object of a new series of experi- 
ments. 

Five different combinations were attempted, by varying in 
turn the coupling of the battery, the diameter of the carbon 
and its length. 

The best results were obtained with a single lamp famished 
with Gaudoin carbons of • 0016 metre diameter, and of • 015 
metre length, in the incandescent portion. 

The light varied between 2 and 8 burners, but it was 
more often 5 burners. Each ca^rbon lasted on average fifteen 
minutes. 

We were about to repeat all these experiments, substituting for 
the battery a Gramme machine constructed to give the best 
useful effect ; but the imperfections of the lamps, the diflSculty 
of obtaining good contacts, the too minute care to be taken at 
the commencement of each operation, led us to decide to 
previously design a lamp more commodious and slightly more 
practical than that of M. Eonn. 
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This lamp, which we represent in Fig. 48, is at present nnder 
constmction by M. Br^et. It is characterised by the two 
following points : (1) the carbons are set in a groove at each of 
their extremities in rigid contacts and kept fixed, which admits 
of the lamp being placed in all positions; (2) the electric 
current passes automatically from one carbon to the other by 
the action of an electro-magnet interposed in the circuit. 

A description, even summary, would not be of great interest, 
since the lamp is not yet finished ; the engraving sufficiently 
indicates the arrangement we have adopted. 
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DIVISIBILITY OP THE ELEGTBIG LIGHT. 

Genenl BflomrkB on the DiTinbility of the Electric Light — ^Impoesibility of 
establiflhing very small LnminoTis Centres with the means aotnally known — 
De Ghangy's Invention — ^Beport of M. Jobart — Laoassagne and Thiers' 
Dividing Begolator— If . le Bonx' Experiments — "i/L de Menanne's Appa- 
ntta»— M. JablochkofTs Experiments at the Mugimina da Lonyre — A 
Beoent Communication made by M. Denayrouse to the Academy of 
Sciences. 

Thb remarkable effects of the voltaic arc were no sooner foreseen 
than the idea arose of dividing the electric light, and even 
before the existence of a good regulator for a single light, King 
took ont a patent for a lamp on the divisible system. The 
steps, however, that were being taken to perfect the single 
Imninous centre had advanced so rapidly, that with an expen- 
ditnre of 10 horse-power an artificial sun of an intensity of 
4000 burners was produced. This grand resnlt was dne to the 
carbons of Foucanlt, Garr£, and Gaudoin; to Serrin's lamps, 
Gramme's machines, and Sautter and Mangin's projectors. On 
the other hand, the plan of dividing the light made no advance, 
but remained still an object of experimental and speculative 
inquiry. 

The merits of the systems of King in 1845, and of 
Jablochkoff in 1877, are of an exceptional character, and it 
would be a matter of difficulty to decide which of them ap- 
proaches nearest to the true solution of the difficult problem of 
dividing the electric light. It must not, however, be thought 
that in &ce of these obstacles the idea of replacing gas by 
electricity wiU have to be entirely renounced, for science is fax 
firom having attained the last of its conquests by means of this 
mysterious fluid, which has already annihilated distance, and 
may also be said to have suppressed night ; but despite the 
remarkable labours of M. Jablochkoff, and the no less remark- 
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able initiatiye of M. Denayronse, there exists at the present 
time no sufficiently practical system of so dividing the light as 
to render it generally available for the purposes for which gas 
is used. Each decade gives birth to a new idea, the importance 
of which is exaggerated by rumour until, after a few unsuccess- 
ful trials, public interest abates^ and nothing more is heard of 
the matter. In 1847, King's discovery of incandescent carbons 
was announced in England ; in 1857^ M. de Changy, in 
Belgium, substituted platinum for the carbon, and employed a 
regulator ; in 1867, M. Le Boux published in France a method of 
passing a current alternately, and with great rapidity, through 
several ordinary regulators ; and lastly, M. Jablochkoff, in 1877, 
caused sparks to pass through plates of kaolin, and by this 
means obtained a series of small lights. 

T^re is no doubt that each of the systems proposed is 
capable of rendering important service in special cases, but the 
error that inventors have fallen into has been the claiming of 
too great a scope for their apparatus as leading immediately to 
the supplanting of gas. The electric light has ^Iready a vast 
field of application open to it, and Chapters YII. and YIII. 
treat of the great advantages attaching to its employment in a 
number of cases, but that it will some day entirely take the 
place of gas is extremely improbable. It has, in fact, only been 
since the introduction of electric lighting that our admiration 
for the facility with which gas can be divided and distributed 
has been fiEurly aroused. 

By the term " divisibility of the electric light " we do not 
mean the production of several intense lights by means of one 
machine or battery, but simply the maintaining of a few small 
luminous centres, each equal to 1 to 15 Garcel burners. It has 
been proved beyond a doubt that several lamps can be kept in 
action by one magneto-electric machine, but the question is, 
whether the first cost and maintenance of such apparatus is not 
greater than that of a series of small machines each in circuit 
with a lamp. We have always favoured the latter method of 
lighting, although the other plan has received a large share of 
our attention, and there is a likelihood that M. Gramme will 
still have the honour of making it a practical success. At 
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present, howeyer, the means proposed for attaining this diyisi- 
bility of the light have been practically without snccess.* 

We will now glance at the various systems devised for the 
solving of this problem. It has been shown that the invention 
of King, re-invented by M. Lodyguine, and improved by M. 
Eonn, was better suited to a single light than to a divisible 
system. There are, however, some advantages connected with 
the burning of small carbons in a vacuum, inasmuch as the light 
is steady and the expense pioderate. Before abandoning this 
method some new experiments should be made with shorter and 
thinner carbons of various quaUtiee. Where a single lamp and 
great regularity of the light is needed, this system may come 
into use. The mode of operation adopted by M. de Ghangy 
has never been thoroughly known, but to judge from the follow- 
ing communication made by M. Jobart to the Academy of 
Sciences on the 27th of February, 1858, M. de Ohangy's 
laboratory experiments must have been perfect : 

^'I hasten to announce to the Academy the important dis- 
covery of the dividing of an electric current for lighting pur- 
poses. This current from a single source traverses as many 
wires as may be desired, and gives a series of lights ranging 
from a night lamp to a lighthouse lamp. 

'^ The luminous arc between two carbons produces, as is well 
known, a very intense, flickering, and costly light. M. de 
Ghangy, who is a chemist, mechanician, and physicist, is 
thoroughly conversant with the latest discoveries, and has just 
solved the problem of dividing the electric light. 

'^ In his laboratory, where he has worked alone for the past 
six years, I saw a battery of twelve Bunsen elements producmg 
a constant luminous arc between two carbons in a regulator of 
his own invention, this regulator being the most simple and 
perfect I have ever seen. A dozen small miner's lamps were 
also in the circuit, and he could at pleasure light or extinguish 
either one or the other, or all together, without diminishing or 

* This opinion mtust be taken to refer entirely to the present time, and in 
no way to prejudge the future ; from time to time we have drawn attention to 
the experiments which have been made in this direction, with a view to the 
placing of a fair statement before everyone who wished for our opinion on the 
subject. 
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increasmg the intensity of the light throngh the extinction of 
the neighbonring lamps. The lamps, which are enclosed in 
hermetically sealed glass tnbes, are intended for the lighting of 
mines in which there is fire-damp, and for street lamps, which 
would by this system be all lighted or put out at the same time 
on the circnits being opened or closed. The light is as white 
and pure as Gillard's gas, with which it has one point in common, 
namely, its production by the incandescence of platinum. The 
gas-pipes are replaced by simple wires, and no explosions, bad 
smells, or fires can take place. 

^' The trials that have been hitherto made with the object of 
producing an electric light by means of heated platinum, have 
fidled on account of the melting of the wires. This difficulty 
has been oyercome by M. de Chanzy's dividing regulator. The 
cost of the light is estimated to be half that of gas. A lamp 
placed at the mast-head of a ship, would form a permanent 
signal for about six months, without the necessity of changing 
the platinum. With several such lights placed in tubes- of 
coloured glass, it would be easy to telegraph by night, as they 
could be extinguished and relighted rapidly from the deck. 
For lighthouse purposes considerable amplitude can be given to 
the light. I also saw a lamp so arranged in a thick glass globe, 
that it could be immersed to considerable depths, without being 
overturned by any movement. This lamp had already been 
used in the taking of fish, which were attracted towards the light. 

'' The above slight description will suffice to show to what a 
variety of applications this discovery can be put The com- 
munication which I have had the honour of laying before the 
Academy is founded upon no illusion, a lamp was to my 
astonishment lit in the hollow of my hand and remained alight, 
after I had put it in my pocket with my handkerchief over it." 

It must be borne in mind that the above communication was 
made by (M. Jobart,* of Brussels) a thoroughly skilled man of 

* M. Jobart was bom at Bonrgogne. He was at the time this commu- 
nication was made Director of the Boyal Mnseum of Belgium Industry, 
Chevalier of the Legion of Honour and of the Order of Francis the First of 
Naples, President of the Society of French Inventors, President of the 
National Academy of Agricultural and Manufacturing Industry, besides being 
^ Member of the Scientific Institutions of the United States, France, &c. 
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ad e nce, and one not likely to be carried away by the enthusiasm 
of an inventor. 

We haye not seen any drawings of the regtdator invented by 
M. de CSiangy, bat we have seen that of MM. Lacassagne and 
Thiers, patented by them in 1854. 

The theory of this apparatus is explained in the following 
description taken from the patent : 

When in any part of the circuit the current has to pass 
through a liquid of less conductivity than that of the reophores, 
the intensity or quantity of electricity passing in a given time 
is inversely proportional to the resistance of the interposed 
liquid. This resistance may be increased or diminished, either 
by an increase or decrease of the conducting power of the liquid 
or of the surfieu^e immersed. The magnetic force of an electro- 
magnet varies with the intensity of the current. If the surfisMses 
of the conductors immersed in the liquid are of an unchangeable 
metal, we obtain in a free state the gas arising &om the decom- 
position of the liquid ; the quantity of this gas in a given time 
being in direct proportion to the intensity of the current. 

MM. Lacassagne and Thiers divided one of the conductors 
of a battery in action into two parts, attached a plate of platinum 
to each extremity, and suspended the plates in the interior of a 
glass gasometer containing acidulated water. The bell of the 
gasometer was raised or lowered by the inlet or outlet of the 
gas, produced by the current. The ascent of the bell produced 
of course a diminution of the galvanic intensity, whilst its 
descent produced the opposite effect. An electro-magnet, with 
an armature in the form of a lever and an opposing spring, com- 
pleted the arrangement. The apparatus worked in the following 
manner: 

The spring was first adjusted to the strength of the current 
determined upon. As long as the magnetic attraction was 
greater than the tension of the spring, the armature remained 
in contact, and as the gas which was developed had no outlet, 
the bell of the gasometer was raised, thereby diminishing the 
surface of the platinum in contact with the liquid, and con- 
sequently the intensity of the current. There would occur a 
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moment of equilibrium and also when the force of the spring 
exceeded that of the magnet ; the armature receded, and in so 
doing opened a trap which allowed of the escape of a portion of 
the gas until the normal position of the bell was again obtained. 
When such a regulator was accurately adjusted, the tap remained 
constantly partly open, and the armature yery close to the 
electro-magnet without touching it. This regulator, if applied 
to each of the small lamps of M. de Changy, would prevent the 
combustion of the platinum wires, but the complication which 
would arise from this arrangement would render it inappUcable, 
even if no other practical defects had been found to arise from 
its use. 

MM. de la Bive and Elie Wartmann, both physicists of 
Geneva, observed that with a very sensitive regulator, and a 
battery in good working order, a current could be interrupted 
for the thirtieth of a second without any variation of the arc ; 
but with an interruption of longer duration the arc became 
enfeebled, and vanished altogether after the current had ceased 
for the tenth of a second. M. Le Boux, profiting by this 
observation, has obtained some very beautiful results, which he 
has thus described in a communication to the Academy of 
Sciences, dated the 30th of December, 1867 : 

'^ The spark from an electric battery is in general incapable 
of passing between two separated conductors. (A battery of 
8500 elements insulated with the greatest care is necessary for 
the production of a spark having the length of only a fraction 
of a millimetre.) The induction currents from magneto-dieetric 
machines have a much higher tension, and this accounts for 
the light produced by alternate-current machines. I have 
obtained the same effects with a battery of fifty Bunsen 
elements, and with the current interrupted during the twenty- 
fifth part of a second, a spark leaped over -an interval of about 
three millimetres. This fact led me to a solution of the problem 
of divisibility. When a current passes between two conductors, 
so as to produce a voltaic arc, it has hitherto appeared probable 
that this passage was due to the elevation of the temperature, 
and not to the arc itself. The conductibility of the interposed 
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medium is perhaps only an extension of the fia<;t noted by 
M. Edonard Becqnerel in the case of heated gases, whose oon- 
dnctibiUty was considerably increased by the enormous elevation 
of the temperature." 

** The carbon electrodes form perhaps a vaponr of considerable 
tension at this high temperature, and this vapour tends to 
increase the conductibility of the arc." By means of a. dis- 
tributing wheel revolving with great rapidity, M. Le Boux sent 
the current of a Bunsen battery alternately into two regulators, 
in such way that it traversed each of them during the same 
number of fractions of a second, and he thus succeeded in 
dividing the light The lights were under these conditions 
perfectly equal. 

M. de Mersanne, in 1873, took out a patent for the dividing 
of electric currents on the same principle as that of Le Roux. 
The mechanical construction of the invention is of so elementary 
a nature, and so little worth patenting, that we should have made 
no mention of it, had not M. de Mersanne in the following year 
made an addition to the patent, which if not practical, is at 
least original The distributing wheel of M. Le Boux he has 
replaced by a horizontal spindle, carrying a series of cams. By 
means of these cams, a reciprocating motion is given to some 
rollers jointed to vertical metallic arms which are plunged into 
and withdrawn from cups filled with mercury. When the 
spindle revolves at a high rate of speed, several lamps are put 
successively into contact with the electric current, whereby a 
single source of electricity is divided into equal or unequal 
portions, according to the combination given to the interrupters. 

Last year, when travelling through the principal towns of the 
United States, we endeavoured to discover what progress had 
been made in America, in the matter of electric lighting, but 
we were unable to see anything of a practical nature. Many 
physicists had been experimenting with a view to the division of 
the light, but none of them were in a position to show us an 
apparatus worthy of even being mentioned. We will only 
refer here to a patent taken out by Mr. Henry Woodward, in 
1876. 

This invention relates to the incandescence of a carbon in a 
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rarefied gas, having the property of not combining chemically 
with carbon heated to redness. 

We have already mentioned the arrangement of parallel 
carbons forming the candles of M. Jablochkoflf, and will now 
give some account of the experiments actually made at the 
Grrands Magasins of the Louvre, and also of the note presented by 
M. Denayrouse to the Academy of Sciences on the 17th of April, 
1877. At the Magasins the object was to increase the light 
in the Marengo Hall, which was supplied with eleven lustres, 
and also received light &om the halls surrounding it. Around 
the Marengo Hall, at about two-thirds of the height, there is a 
gallery on which the electric lights were placed. Two " Alliance " 
machines worked six candles, and by an ingenious arrangement 
the candles when burned out were replaced by others, without 
causing a sensible diminution of the light. The candles were 
arranged in diffusing globes, and the light was projected forward 
by means of reflectors. Two sticks of Garry's carbons, 4 mpL in 
diameter and 12 cm. long, insulated with a thin plate of 
siUcious matter, and fixed in two copper tubes, which were 
united by a plug of asbestos, formed tiie candles. A slip of 
carbon laid across the top of the two carbon sticks served to 
light them. It was difficult to judge of the intensity of the 
electric light, as the gas was not entirely extinguished, and 
the neighbouring galleries added their light also, but with a 
pocket photometer each candle was found to give about 20 to 
25 Carcel burners. The irregularities were not great, but of 
tolerable frequency. A slight and continual fiickering was 
perceptible in all the lights, arising &om the nature of the 
carbons and changes of speed of the motor. An effect of a 
special kind, which was no doubt due to the ebullition of 
the silicious substance interposed between the carbons, gave 
a singing sound to the diffusing globe. . We were told that 
the candles would last three-quarters of an hour; at the 
Louvre they were renewed every half hour. The advantages 
of this mode of lighting can only be decided by knowing the 
cost of machines, motor, &c., the expense of erecting them, and 
the cost of maintenance per hour for each unit of light. A 
comparison could then be made with the cost of other existing 
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bnrnersy in place of :tbe 240 Burners given by the six Jabloch- 
koff candles. In this respect the. advantage is again, considerably 
in fjAvonr of lighting, by means of regtdatofs. The. superiority 
of the^old system is estabhsbed in the most convincing manner 
by comparing* the consumption of carbons. 

An electric: candle costing at least half a franc lasts half an 
hour, being at the rate of 1 &anc per hour for 40 burners and 
12^ francs for 600 burners. With ordinary carbons, the same 
quantity of Ught is produced at M. Menier's for a quarter of a 
franc ; the cost of the candles is therefore fifty times greater 
than that of regulator carbons. We cannot repeat too often our 
opinion that M. Jablochkoff will soon succeed in reducing in a 
certain degree the heavy expenses to which we have just drawn 
attention. 

For instance, the ^'Alliance" machines are dear, but it is 
possible to manufacture them at a lower cost, and the candles 
can also be made more economically. The only fact which we 
insist upon is, that it is materially impossible to replace advan- 
tageously the regulators by candles. 

The experiment made at the Grand Magasins of the Louvre 
was very interesting ; it attracted the pubUc, and the journals 
spoke of it in terms of praise. If not absolutely practical, it 
yet deserves pubUc attention as being the germ out of which in 
future a great success may grow. In a word, neither a favour- 
able nor an unfavourable conclasion can be deduced from this 
experiment, which is perhaps a step towards the solution, but 
certainly does not satisfactorily solve the problem. The dif- 
ference of colour between the electric light and gas-light was 
plainly showu, but this difference was also observed some years 
ago on the Boulevard des ItaUens, when M. Tessie du Motay 
made some experiments with the oxy-hydrogen hght. 

M. Denagrouse's note to the Academy related to the complete 
suppressing of the carbon in the production of the electric Hght. 
M. Jablochkoff conceived the idea of introducing into the circuit 
of a magneto-electric machine the primary wire of a series of 
induction coils ; in the secondary wire of each bobbin is placed a 
plate of kaolin, through which the induction sparks pass. The 
interposed plate of kaolin gets hot, reddens, and at last becomes 
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ImninoTis. Around the edge of the plate is placed a priming of 
« better conducting substanoe than the kaolin iteelf. By this 
arrangement M. Jablochkoff hoped to produce fifty lights with 
a single magneto-electric machine. The aspirations of MM. 
King, Lodyguine, Konn, Eosloff, and de Ghangy were of a 
like nature, and we wish M. Jablochkoff better success than his 
predecessors obtained. 
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